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SPECIAL  EDITOR’S  COMMENTARY 


Editing  this  tribute  to  my  long-time  friend  and 
colleague  Bob  Wilson  has  been  a pleasure  on  the 
one  hand  and  an  albatross  on  the  other;  it  has  been 
pleasant  interacting  with  so  many  of  his  admirers 
and  co-workers,  whom  I thank  mightily  for  their 
patience  and  good  cheer;  it  has  been  painful  that  so 
many  conflicting  duties  and  interruptions  have  made 
the  job  take  so  long. 

For  a long  time  now  I have  been  a bemused  ob- 
server of  vertebrate  paleontologists,  a perennially 
small  band  that  has  in  its  history  included  such 
unusual  individuals  as  Thomas  Jefferson,  O.  C. 
Marsh,  E.  D.  Cope,  S.  W.  Williston,  W.  D.  Matthew, 
and  A.  S.  Romer,  to  name  but  a few.  The  latter-day 
membership  of  this  calling  includes  some  of  my  best 
friends,  whose  habits  I have  carefully  noted.  Perhaps 
it  is  time  for  a preliminary  report. 

Early,  I fell  completely  in  awe  of  VP’s.  This  may 
have  owed  to  some  extent  to  eight  hours  of  graduate 
exposure  to  Claude  (“Hibbie”)  Hibbard’s  course  in 
VP,  ca.  1950-195 1,  and  subsequent,  thankfully  brief, 
experience  of  the  rigors  of  his  fossil  camp  at  Meade 
County  State  Park  in  Kansas.  I identified  VP’s  as 
superhuman  composites  of  stevedore,  geologist, 
comparative  anatomist,  and  evolutionary  biologist. 

But  I was  young  then.  After  a time  I began  to 
discover  that  VP’s  too  put  on  their  pants  one  leg  at 
a time.  I learned  that,  much  like  mammalogists  (and 
even,  I fear,  some  ornithologists)— every  discipline 
has  its  own  curious  profile  — they  tend  to  imbibe 
freely,  talk  too  much,  and  to  lean  heavily  at  times 
upon  aging  laurels.  No  doubt  these  qualities  allied 
me  to  them. 

Now  I have  learned  that  they  forget  citations,  mis- 
spell words,  and  dangle  participles  just  like  other 
people. 

Yet  perhaps  they  are  to  be  forgiven.  They  spend 
much  time  in  “the  field,”  as  they  euphemistically 
term  Badwater,  Wyoming;  Death  Valley,  California; 


Ellesmere  Island;  northeastern  Colorado,  and  com- 
parable garden  spots.  Nearly  all  of  them  incur  ar- 
thritis, actinic  skin  damage,  chronic  sprains,  and 
hernia.  They  are  the  desert  rats  of  biological  science. 
Brains  baked  beneath  inadequate  pith  helmets,  backs 
bowed  by  too  many  100-  pound  sacks  of  matrix, 
eyes  scalded  by  too  much  sun,  who  would  not  be- 
come intermittently  hallucinogenic?  Small  wonder 
that  a loan  of  specimens  to  a VP  is  often  a lifetime 
loan,  reclaimable  (if  at  all)  only  after  death— assum- 
ing the  records  still  exist. 

I come  at  last  to  a particular  specimen  of  the 
species,  Robert  W.  Wilson,  known  to  all  of  the  con- 
tributors who  follow  (and  to  many  others)  for  his 
thoroughness,  caution,  erudition,  generosity,  and 
seminal  contribution  to  our  understanding  of  rodent 
evolution.  It  is  to  these  and  other  qualities,  some  of 
them  taken  up  by  his  former  student  “Gabby”  Gal- 
breath  a bit  later,  that  the  participants  with  obvious 
affection  have  dedicated  the  papers  of  this  “Fest- 
schrift.” Any  further  addition  of  mine  to  this  joyous 
outpouring  would,  I fear,  embarrass  one  or  both  of 
us,  since  I see  him  all  the  time. 

But  something  more  does  need  to  be  said,  and  I 
cannot  think  of  a better  place  for  its  statement. 

I refer  now  to  Robert’s  support  system,  the  late 
Geraldine  Lee  Wilson.  At  first  sight  an  improbable 
heroine,  Gerry  masked  indomitable  strength  behind 
a deceptive  facade  of  flightiness  and  confusion.  She 
was  the  nearest  thing  to  a pioneer  wife  that  I shall 
ever  know.  While  her  mate  cleansed  his  spartan  soul 
in  the  burning  wastes,  she  faced  adversity— loneli- 
ness, asthmatic  children,  bills,  dishes,  and  much 
more  — with  a will  as  tough  as  Jim  Bridger’s  and 
with  irrepressible  humor.  To  her,  equally  with  her 
fortunate  husband,  I dedicate  the  labor  that  I have 
gladly  put  into  this  volume. 

Robert  M.  Mengel 

12  May  1983 
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Robert  W.  Wilson 


ROBERT  WARREN  WILSON’S  PALEONTOLOGICAL  CONTRIBUTION 

Larry  D.  Martin 


In  a very  true  sense  Robert  W.  Wilson  is  one  of 
the  pioneers  of  American  vertebrate  paleontology. 
This  seems  somewhat  strange  to  us  here,  because 
he  is  as  active  and  current  now  as  anyone  I am 
familiar  with.  His  early  work,  beginning  around 
1930,  covers  a remarkable  array  of  famous  sites, 
including  such  Quaternary  localities  as  the  Clovis 
Mammoth  Kill  Site  in  New  Mexico,  the  Carpinteria 
Tar  Pits  in  California,  and  Rampart  Cave  in  Ari- 
zona. His  own  field  work  includes  most  of  the  late 
Miocene  sites  in  the  American  Southwest,  and  he 
is  one  of  the  leading  students  of  Miocene  biostra- 
tigraphy. He  has  had  unusual  success  as  a field  pa- 
leontologist and  this  may  owe  in  part  to  his  formal 
training  in  geology  with  Chester  Stock.  This  firm 
geological  background  is  a qualification  that  Dr. 
Wilson  shares  with  such  other  paleontological  no- 
tables as  W.  D.  Matthew  and  G.  G.  Simpson. 

Bob  Wilson  has  always  been  aware  of  the  impor- 
tance of  comparisons  between  North  America  and 
Eurasia,  and  this  is  stressed  in  his  report  (1960)  on 
the  early  Miocene  Martin  Canyon  A Local  Fauna. 
This  was  the  first  extensive  early  Miocene  small 
mammal  fauna  to  be  reported  from  North  America 
and  has  formed  the  starting  point  for  later  studies 
of  Tertiary  microfaunas  and  faunal  exchange  with 
Eurasia.  He  has  continued  his  work  with  European 
and  American  Miocene  biostratigraphy  and  pres- 
ently has  an  extensive  research  program  in  Austria 
where  he  is  a correspondent  in  the  Vienna  Museum 
of  Natural  History. 

Dr.  Wilson  is  one  of  the  founders  of  small  mam- 
mal paleontology  in  North  America.  I am  constantly 
amazed  at  how  often  work  on  small  mammals  brings 
me  back  to  something  originally  done  by  Wilson, 


and  how  often  that  work  is  still  the  best  available 
on  the  subject.  His  work  on  fossil  voles  and  lem- 
mings is  the  foundation  from  which  all  later  workers 
began,  including  Claude  Hibbard.  Wilson’s  work  on 
fossil  rodents  has  in  general  been  characterized  by 
its  broad  scope  and  the  strength  and  durability  of 
his  insights.  His  1949  paper  “Early  Tertiary  rodents 
of  North  America”  is  a classic,  and  much  of  what 
he  proposed  in  it  has  since  been  confirmed.  Much 
of  what  we  now  know  about  such  important  groups 
of  fossil  rodents  as  the  eomyids  is  a result  of  Wilson’s 
careful  descriptions  and  interpretations. 

The  earlier  part  of  the  mammalian  record  has  not 
been  neglected  by  Wilson,  and  he  is  presently  en- 
gaged in  research  on  late  Cretaceous  mammals  from 
South  Dakota  and  Paleocene  mammals  from  New 
Mexico.  His  New  Mexico  collections  are  among  the 
most  important  of  that  age  in  the  world,  and  include 
the  oldest  known  primate  skull  from  North  Amer- 
ica. 

It  would  be  possible  to  continue  at  considerable 
length  on  Dr.  Wilson’s  successes  scientifically  and 
as  a collector  and  teacher.  Very  few  of  our  colleagues 
can  claim  to  have  done  so  much,  or  to  have  done 
it  so  well.  But  to  me  the  outstanding  thing  about  R. 
W.  Wilson  is  the  generous  way  he  has  shared  his 
skill  and  experience  with  his  students  and  col- 
leagues. He  presently  takes  time  from  a very  busy 
retirement  schedule  to  serve  on  numerous  graduate 
committees.  His  return  to  the  University  of  Kansas 
upon  his  retirement  provides  us  all  with  a constant 
source  of  advice  and  information.  In  fact,  if  I were 
asked  what  was  the  single  most  valuable  resource 
in  the  Division  of  Vertebrate  Paleontology  I would 
without  hesitation  name  Robert  W.  Wilson. 


Address:  Museum  of  Natural  History,  University  of  Kansas,  Lawrence,  Kansas  66045. 


1 


REMINISCENCES  OF  ROBERT  WARREN  WILSON 

E.  C.  Galbreath 


Festschrift  organizer  Mary  Dawson  has  asked  me 
to  record  any  anecdotes  or  other  observations  con- 
cerning Bob  Wilson  that  seemed  appropriate  to  this 
occasion.  I have  done  my  best,  hoping  that  I may 
make  up  in  enthusiasm  for  the  subject  whatever  I 
lack  in  the  skill  for  so  demanding  a task. 

As  anyone  who  knows  him  in  any  significant  way 
is  aware,  Bob  Wilson  is  nothing  if  not  thorough, 
cautious,  and  slow  to  reach  conclusions  and  make 
pronouncements.  The  few  occasions  in  which  he  has 
been  caught  off  base  in  some  small  matter  of  iden- 
tification or  prediction  are  therefore  cherished  tro- 
phies in  the  memories  of  those  former  students,  or 
others,  fortunate  enought  to  be  “in  at  the  kill.” 

Such  a memory,  now  nostalgically  relished  by  all 
concerned,  was  provided  by  the  classic  “long-tailed 
rabbit,”  a former  creature  somehow  pronounced 
lagomorph  by  Robert  on  the  basis  of  a misleading 
glance  at  a partially  exposed  skeleton.  Upon  further 
exposure,  this  fossil  metamorphosed  into  an  un- 
equivocally tailed  and  clearly  entoptychine  rodent. 
It  is  a mark  of  true  greatness  to  have  an  error  so 
distinguished  by  rarity. 

Methodological  handmaiden  to  Robert’s  caution 
and  conservatism  is  a benign  pessimism  that  is  a 
way  of  life  with  him.  Argument  with  him  on  this 
point  was  inevitably  futile  in  the  face  of  a practised 
defense  that  invariably  placed  the  critic  in  check- 
mate: namely  that  pessimists  are  often  rewarded  by 
surprises  that  are  inevitably  pleasant  and,  even  more 
frequently,  satisfied  by  the  verification  of  their  pre- 
dictions and  judgments— a no-lose  proposition 

A case  in  point  occurred  when  some  “big  bones” 
from  the  Cretaceous  Dakota  Sandstones  of  north- 
western Kansas  required  an  excursion  afield  and 
elicited  from  Robert  characteristic  groans  and  the 
gloomy  prediction  that  probably  nothing  would  come 
of  it.  The  trail  led  to  a cattle  ford  across  a stream 
in  a farm  field,  where  some  fragments  of  a large 
pelvis  and  vertebrae  had  been  exposed.  After  some 
digging  these  petered  out  in  a huge,  amorphous,  and 
very  unprepossessing  hunk  of  rock. 

Dutifully  transported  back  to  the  University  of 
Kansas  Museum  of  Natural  History— as  much  to 
satisfy  the  public  as  anything— these  dubious  items, 
especially  the  hunk  of  rock,  were  the  subject  of  much 


banter  and  joking  during  which  we  variously  imag- 
ined that  knobby  protuberances  from  the  surface 
were  all  kinds  of  structures,  including  fossil  eyeballs. 
Nobody  really  believed  the  hunk  of  rock  contained 
anything  of  consequence  until  one  day  much  later 
when  Russell  Camp  in  a moment  of  boredom  split 
the  whole  thing  open.  Lo  and  behold,  the  “fossil 
eyeballs”  were  innocent  concretions,  as  predicted 
by  our  sage.  But,  they  were  lodged  in  the  orbits  of 
what  eventually  emerged  as  a first-rate  skull  of  an 
ankylosaur.  Robert,  of  course,  was  pleasantly  sur- 
prised (again),  while  the  jesters  uneasily  recalled  that, 
for  all  of  their  wit,  it  was  the  pessimist  who  had 
insisted  on  lugging  the  “worthless”  hunk  of  rock  all 
the  way  back  to  Lawrence. 

This  kind  of  thoroughness  in  all  things  is  char- 
acteristic of  the  man,  who  has  always  insisted  that 
nothing  be  discarded  until  proved  beyond  all  doubt 
to  the  worthless.  Such  persistence  marked  all  of  his 
field  work,  exhausting  juniors  dubious  about  the 
value  of  further  fruitless  search  in  this  or  that  lo- 
cality. One  insisted  that  three  weeks  with  zero  return 
was  the  absolute  minimum  for  their  leader  even  to 
consider  relocation. 

Bob’s  conservatism  in  retaining  material  of  du- 
bious value  related  to  another  habit  that  sometimes 
embarrassed  inexperienced  students,  who  at  least 
suspected  him  of  setting  sinister  educational  traps 
for  the  unwary.  He  would  often  “clean  up”  a prom- 
ising exposure  by  collecting  all  of  the  distracting 
surface  litter  of  scraps  and  slivers,  the  better  to  search 
for  significant  veins  of  more  meaningful  bone.  These 
scraps  he  would  cache  for  later  retrieval,  in  piles  at 
the  bases  of  forbs  chosen  for  convenience  as  mark- 
ers. There,  on  occasion,  some  neophyte  would 
pounce  gleefully  on  a spectacular  “find”  and  then 
puzzle  in  mounting  frustration  as  all  attempts  at 
meaningful  association  of  its  parts  failed. 

During  Robert’s  tenure  at  the  University  of  Col- 
orado he  and  G.  Edward  Lewis  prowled  the  north- 
eastern part  of  that  state  and— with  an  assist  from 
former  K.U.  student  Curt  Hesse— who  had  drawn 
a map,  possibly  from  information  provided  by  H. 
T.  Martin  — rediscovered  the  Miocene  Martin  Can- 
yon locality  made  famous  by  W.  D.  Matthew’s  work 
in  1898.  At  that  time  Bob  located  a site  that  was  to 
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be  called  Quarry  A in  later  years.  He,  again  with 
characteristic  persistence,  insisted  on  its  opening, 
even  though  one  E.  C.  Galbreath  had  in  his  wisdom 
opined  that  it  was  unpromising  indeed.  This  view 
notwithstanding,  the  pessimist  was  pleasantly  sur- 
prised once  more  when  Quarry  A proved  to  be  ex- 
tremely rich  in  high  grade  jaws.  It  was  part  of  a 
stream  channel  with  lenses  of  bone  rubble  that  had 
served  as  dams,  which  had  trapped  numerous  qual- 
ity elements. 

As  Quarry  A was  worked  out,  in  time  the  path  of 
the  channel  beyond  needed  to  be  traced.  At  this 
point  the  indefatigable  Galbreath,  encouraged  and 
abetted  by  one  John  A.  White,  conceived  the  some- 
what revolutionary  idea  that  drilling  with  a posthole 
auger  might  be  a useful  prospecting  device.  It  took 
a week  to  convince  Bob  that  this  idea  was  good 
enough  to  merit  the  expenditure  of  field  funds  for 
an  auger.  With  much  tom-foolery  about  witching 
wands,  we  drilled  several  holes  that  yielded  bone 
scrap,  clearly  revealed  by  the  sound  of  the  auger 
grinding  through  bone.  The  last  hole,  as  it  turned 
out,  produced  fragments  of  bone  (scrap,  of  course), 
and  big  pieces  of  tooth  enamel. 

At  this  point  the  skeptical  professor  turned  instant 
believer  and  took  command.  A little  sub-quarry  was 
opened.  Good  fossil  limb  bones  were  exposed  and, 
eventually,  a nice  rhino  skull,  remarkable  for  a four- 
inch  wide,  auger-sized  hole  from  the  top  to  and 
through  one  tooth-row  (as  shown  in  Fig.  3 of  D. 
Yatkola  and  L.  Tanner,  1979,  Occas.  Papers  Mus. 
Nat.  Hist.,  Univ.  Kansas,  77:7).  That  skull  (now  an 
important  holotype)  and  associated  elements  be- 
came known  as  the  “Posthole  Rhino”  and  led  to  a 
lot  of  corny  jokes  about  further  auger-battered  treas- 
ures, all  fortunately  imaginary.  It  also  led  to  Bob’s 
absorbing  on  our  behalf  some  unwarranted  criticism 
from  Director  E.  Raymond  Hall  concerning  the  col- 
lecting methods  Bob  had  so  vigorously  opposed  for 
a week. 

The  auger  used  at  Quarry  A returned  to  haunt 
Bob  Wilson  one  more  time.  Our  account  of  the  ad- 
venture prompted  Gerry  Wilson  to  wish  wistfully 
that  she  had  some  of  those  holes  in  her  yard  for  the 
clothesline  that  Bob  had  promised  to  erect  long  ago 
but  somehow  had  not  gotten  around  to.  A little  later, 
in  the  small  hours  of  the  night  the  original  culprits 
arrived  stealthily  at  the  Wilson  home  equipped  with 
the  historic  auger  and  several  six-packs  of  fuel  for 
the  operators.  Soon  the  clothesline  was  installed, 
whereupon,  but  not  before,  Bob  Wilson’s  voice  was 
heard  in  the  darkness  announcing  that  now  some 


loose  rock  in  a nearby  retaining  wall  required  im- 
mediate attention.  He  also  wished  to  share  in  the 
much-depleted  supply  of  fuel. 

On  the  serious  side,  for  me  association  with  Rob- 
ert Wilson  as  his  graduate  student  (and  later)  was  a 
continuous  lesson  in  intellectual  integrity,  the  im- 
portance of  logical  exposition,  and  restraint  from 
going  beyond  the  evidence  when  forming  conclu- 
sions. In  these  as  in  all  things  he  served  as  a model 
of  kindness,  patience,  tolerance  of  differing  opin- 
ions, consideration,  and  even  forbearance  of  tres- 
passers. Many  of  these  qualities  must  have  been 
strained  to  the  utmost  while  he  sought  to  train  me 
to  behave  and  think  in  at  least  a reasonably  civilized 
and  satisfactorily  effective  manner. 

His  reputation  had  preceded  him  before  our  first 
meeting.  I knew  of  his  work  with  Chester  Stock  and 
other  associates  at  the  California  Institute  of  Tech- 
nology and  I was  appropriately  awed,  expecting,  no 
doubt,  an  Olympian  god  or  a white  knight  from 
Camelot.  Then  one  morning  there  he  was:  no  white 
knight  in  aspect— only  a lanky,  slightly  raw-boned, 
soft-spoken,  distinctly  reticent,  but  clearly  friendly 
gentleman. 

It  was  years  before  I knew  much  about  his  for- 
mative years  or  non-professional  life,  but  it  was 
quickly  evident  that  my  mentor  possessed  a broad 
and  superior  education  not  only  in  science  but  also 
in  history,  literature,  music,  and  other  arts.  He  also 
revealed  a marked  fondness  for  sports,  about  which 
he  was  deeply  informed,  and  detective  novels.  He 
played  the  clarinet  well  (he  had  been  a trumpet  play- 
er in  his  high  school  band)  and  had  given  up  chess, 
which  he  played  well  enough  to  be  a member  of  the 
formidable  Cal  Tech  chess  team,  because  maintain- 
ing the  standard  of  play  minimal  in  his  eyes  took 
too  much  time  from  more  important  things. 

These  things  became  evident  gradually,  gently  re- 
vealed only  when  called  for,  and  impressed  upon 
me  and  other  students,  more  than  once  for  the  first 
time,  that  there  was  a whole  new  world  of  fascinating 
knowledge  to  be  investigated.  We  also  were  subtly 
led  to  grasp  that  opinions  based  on  ignorance  re- 
vealed much  more  about  the  speaker  than  about  the 
subject. 

In  summing  up,  I note  that  Bob  always  main- 
tained that  — despite  claims  from  some  quarters  to 
the  contrary  — vertebrate  paleontology  really  is  an 
experimental  science.  It  is  just  that  the  experiments 
have  all  been  performed  in  the  variously  remote  past 
and  many  of  them  buried  or  lost.  But  finding  the 
many  that  still  are,  or  will  become,  available,  pre- 
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dieting  the  outcomes  a priori , and  fitting  predictions 
to  empirical  findings,  often  requires  far  more  inge- 
nuity and  patience  than  pushing  things  around  in 
the  present. 

It  is  perhaps  his  profound  patience,  taxing  our 
lesser  endowments  of  that  quality,  that  occasionally 
moves  Bob’s  students  and  admirers  almost  to  irri- 
tation with  this  remarkable  man. 

Once  when  some  then  current  paleontological 
controversy  was  being  much  debated  in  the  litera- 
ture I urged  Bob  to  enter  the  fray— with  the  details 


of  which  he  was,  as  usual,  extraordinarily  conver- 
sant—and  set  everyone  straight.  He  declined  on  the 
basis  that  he  had  had  his  say,  and  that  the  disputants 
would  probably  come  in  the  end  to  the  same  con- 
clusion. In  the  case  in  question  they  did  so,  but 
whether  or  not  they  later  recalled  the  priority  of 
solution  is  not  that  clear.  This  was  and  is  evidently 
of  far  less  concern  to  Bob  than  to  his  admirers. 
Perhaps  this  is  the  best  measure  of  all  of  his  supe- 
riority. 


Address:  Department  of  Zoology,  Southern  Illinois  University  Carbondale,  Illinois  62901. 
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To  some  ways  of  thinking  it  would  be  regarded 
as  inadequate  and  superficial  to  describe  a scientific 
career  that  spans  more  than  fifty  years  with  a few 
biographical  highlights.  To  those  accustomed  to 
thinking  paleontologically,  however,  these  high- 
lights might  be  allegorized  to  fragmentary  fossils. 
From  the  fossils  we  reconstruct  morphologies,  phy- 
logenies,  even,  at  least  the  more  daring  of  us,  whole 
“scenarios.”  So  from  biographical  highlights  we  can 
reconstruct  something  of  a remarkable  career.  Here 
are  presented  the  bare  bones,  with  a few  augmen- 
tations, of  the  life  of  Robert  Warren  Wilson,  the 
colleague,  mentor,  and  friend  to  whom  this  volume 
is  dedicated. 

Robert  Wilson  was  born  in  Oakland,  California, 
on  26  July  1909,  third  son  of  Robert  Gordon  Wilson 
and  Lillie  May  Silcott.  His  early  interests  in  geology 
were  developed  in  high  school  in  Los  Angeles,  but 
when  he  entered  the  California  Institute  of  Tech- 
nology it  was  with  the  intention  of  becoming  a 
chemist.  Before  too  long,  however,  the  fascination 
of  geological  studies  won  out.  Bob  Wilson  turned 
to  geology  and  paleontology,  the  fields  in  which  he 
continued  all  through  his  studies  at  Cal  Tech.  Cal 
Tech  had  a strong,  progressive  geology  faculty  at 
that  time.  From  that  faculty,  the  formative  influence 
of  Chester  Stock  was  strong  and  important.  Petrog- 
rapher  Ian  Campbell  and  others  in  varied  fields  of 
geology  provided  him  with  excellent  training.  Bob 
Wilson  received  the  B.S.  degree  in  Science  in  1930; 
M.S.  in  Geology  and  Paleontology  in  1932;  and 
Ph.D.  in  1936,  with  a major  in  Vertebrate  Paleon- 
tology and  minor  in  Petrology  (not  too  many  ver- 
tebrate paleontologists  have  a paper  on  heavy  ac- 
cessory minerals  among  their  publications;  see 
bibliography,  1936).  The  1930s  were  active  days  in 
vertebrate  paleontology  at  Cal  Tech,  with  field  par- 
ties ranging  through  California,  including  the  Chan- 
nel Islands,  Nevada,  Oregon,  Idaho,  and  Wyoming. 
Active  research  and  publication  programs  accom- 
panied the  field  work,  as  numerous  papers  including 
excellent  series  of  papers  in  Contributions  to  Pa- 
leontology of  Carnegie  Institution  of  Washington 
Publications  will  attest.  Bob  Wilson  was  one  of  the 
North  American  pioneers  in  specialized  studies  on 
fossil  rodents  and  lagomorphs,  surprising  even  his 
teacher  Stock  with  demonstrations  of  the  paleon- 


tologic  interest  and  stratigraphic  utility  of  these  then 
little  known  parts  of  the  fossil  record.  The  1930s 
were  bad  economic  times,  but  Bob  Wilson  was  sup- 
ported by  Teaching  Fellowships  from  1930  to  1935 
and  as  Blacker  Fellow,  1935  to  1936. 

Bob  Wilson’s  first  postdoctoral  position  was  as 
Sterling  Research  Fellow  at  Yale  University,  1936 
to  1 937,  when  he  reviewed  and  revised  North  Amer- 
ican Eocene  rodents.  Following  this  he  was  Research 
Fellow  at  Cal  Tech  for  an  additional  two  years,  time 
occupied  by  his  studies  on  later  Eocene  rodents  of 
the  Sespe  Formation  as  well  as  on  later  Tertiary 
rodents  and  lagomorphs.  He  worked  as  Collabora- 
tor-at-large  for  the  National  Park  Service  for  a few 
months  in  1939,  working  on  the  Quaternary  ver- 
tebrate fauna  of  Rampart  Cave,  Arizona.  In  1939 
he  took  up  academic  duties  in  the  Department  of 
Geology,  University  of  Colorado,  where  he  moved 
from  the  rank  of  Instructor  (1939  to  1943)  to  that 
of  Assistant  Professor  ( 1 944  to  1 946).  His  Colorado 
tenure  was  marked  also  by  a brilliant  decision  — he 
married  Geraldine  Lee  on  March  20,  1941.  From 
1 946  to  1 947  he  held  a fellowship  from  the  National 
Research  Council,  doing  research  back  at  Cal  Tech. 
This  was  an  extremely  productive  time  for  Bob  Wil- 
son, when  he  wrote  important  papers  on  fossil  ro- 
dents and  lagomorphs,  including  the  excellent  re- 
view, “Early  Tertiary  Rodents  of  North  America.” 
In  1947  he  moved  to  the  University  of  Kansas, 
where  he  served  until  1961  as  Associate  Professor 
of  Zoology  and  Associate  Curator  of  Vertebrate  Pa- 
leontology. While  there  he  continued  field  studies 
in  Colorado,  made  excellent  collections  from  the 
Paleocene  of  New  Mexico,  and  collected  also  in 
Kansas,  Wyoming,  and  Utah.  For  the  Wilsons,  who 
by  that  time  included  also  Bobbie  and  Margaret,  the 
KU  days  were  full,  with  students,  research,  and  field 
work  at  the  university,  music,  sports,  horses,  and 
much  more  at  home.  Bob  Wilson  received  a Gug- 
genheim Fellowship  for  the  1956  to  1957  academic 
year  for  work  in  London,  England,  and  on  the  Con- 
tinent dealing  with  Miocene  small  mammals  and 
intercontinental  correlation. 

Bob  Wilson  became  Professor  of  Paleontology  and 
Director  of  the  Museum  of  Geology,  South  Dakota 
School  of  Mines  and  Geology,  in  1961.  He  held 
these  positions  until  his  retirement  in  1975.  During 
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this  interval  he  conducted  field  studies  in  South  Da- 
kota and,  in  1967  and  1968,  was  Fulbright  Senior 
Research  Scholar  at  the  University  of  Vienna.  His 
work  in  Vienna,  an  outgrowth  of  his  earlier  work 
on  intercontinental  correlation  as  shown  by  Mio- 
cene mammals,  concentrated  on  the  stratigraphy  of 
the  Vienna  Basin  and  Turolian  small  mammals  of 
the  fissures  at  Kohfidisch,  Austria.  At  the  end  of  this 
fellowship  year  in  Vienna  he  attended  the  XXIII 
International  Geological  Congress  in  Prague.  He  has 
the  distinction  of  being  one  of  the  few  geologists 
who  stayed  and  even  presented  a paper  on  Thurs- 
day, August  22,  while  Russian  tanks  rumbled  in  the 
background.  The  work  in  Austria  led  to  continuing 
studies,  many  cooperatively  with  Friedrich  Bach- 
mayer  at  the  Naturhistorisches  Museum,  Vienna, 
on  the  Kohfidisch  faunas.  It  also  earned  Bob  Wilson 
the  Arnold  Guyot  Memorial  Award  of  the  National 
Geographic  Society  in  1974,  led  to  several  study 
tours  as  “House  Guest”  at  the  Naturhistorisches 
Museum,  and  in  1982  brought  him  the  honorary 
title  of  Correspondant  at  that  Museum. 

For  two  years  following  his  retirement  from  South 
Dakota  School  of  Mines  in  1975,  Bob  Wilson  was 
visiting  professor  at  Texas  Tech  University.  He  was 
invited  back  to  the  University  of  Kansas  in  1977 


for  the  Rose  Morgan  Visiting  Professorship.  Also  in 
1977  he  was  appointed  Associate  of  the  Museum  of 
Natural  History  at  the  University  of  Kansas,  and 
became  Emeritus  Professor  there  in  1980.  In  1981 
he  spent  several  months  as  Senior  Fellow  at  Car- 
negie Museum  of  Natural  History. 

The  return  to  Lawrence,  Kansas,  for  Bob  and  Ger- 
ry was  a real  homecoming,  made  still  better  by  hav- 
ing their  son  Bob  and  daughter  Margaret  both  work- 
ing there  also.  Their  enjoyment  of  the  homecoming 
was  all  too  short,  for  Gerry  lost  a valiant  battle 
against  cancer  in  1981. 

Bob  Wilson  is  a Fellow  of  the  Geological  Society 
of  America.  He  is  now  an  Honorary  Member  of  the 
Society  of  Vertebrate  Paleontology,  having  been  also 
a charter  member  of  that  Society,  its  Secretary-Trea- 
surer in  1954  and  President  in  1 955.  He  is  a member 
of  the  Paleontological  Society  and  the  American  So- 
ciety of  Mammalogists. 

These  are  the  highlights,  bare  bones  perhaps  but 
at  least  an  outline  of  a distinguished  career.  It  is 
tempting  now  to  flesh  out  the  bones,  but  that  was 
the  role  of  Bob  Mengel,  Larry  Martin,  and  Gaby 
Galbreath  (see  previous  papers)  so  I will  resign  my- 
self to  this  brief  account.  To  quote  our  mentor,  “Oh 
well.” 


Address:  Section  of  Vertebrate  Fossils,  Carnegie  Museum  of  Natural  History,  4400  Forbes  Ave.,  Pittsburgh, 
Pennsylvania  15213. 
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PARANYCT OWES  MALEFICUS  (NEW  SPECIES),  AN  EARLY 
EUTHERIAN  MAMMAL  FROM  THE  CRETACEOUS  OF  ALBERTA 

Richard  C.  Fox 


ABSTRACT 


A new  species  of  the  Cretaceous  lipotyphlan  insectivoran  Para- 
nyctoides  is  described  from  parts  of  the  upper  and  lower  den- 
tition discovered  in  the  upper  member  of  the  Milk  River  For- 
mation, Alberta.  The  upper  molars  of  this  new  species  show  a 
mixture  of  primitive  (wide  stylar  shelves  and  large  parastylar 
lobes,  for  example)  and  advanced  (including  coronal  outlines, 
reduced  stylocone  and  preparacrista,  strong  conules,  anterior  and 
posterior  protoconal  cingula)  features  that  most  closely  resemble 
molar  features  of  primitive  nyctitheriid  lipotyphlans,  such  as 


Leptacodon.  and  primitive  condylarths,  such  as  Protungidatum. 
These  resemblances  may  indicate  that  a cohort  Ferungulata  (for 
creodonts,  camivorans,  and  "ungulates”  thought  to  have  been 
monophyletically  descended  from  a Cretaceous  palaeoryctid  or, 
at  least,  palaeoryctoid  eutherian)  is  no  longer  tenable  as  a natural 
group.  Paranyctoides  is  not  likely  to  have  been  a descendant  of 
the  Asiatic  Kennalestes,  and  seems  not  close  to  other  Cretaceous 
leptictoids,  or  to  palaeoryctoids,  zalambdalestids,  or  the  enig- 
matic Gallolestes. 


INTRODUCTION 


In  1970,  the  first  discovered  occurrence  of  ap- 
parent lipotyphlan  insectivorans  in  the  Mesozoic  — 
from  the  early  Campanian  upper  member  of  the 
Milk  River  Formation,  Alberta  — was  announced 
(Fox,  1 970).  The  impact  of  that  discovery  was  slight, 
however,  receiving  notice  in  Clemens  (1973ft,  1974), 
Krishtalka  (1976a),  Sige  (1976),  Butler  (1977),  and 
Kielan-Jaworowska,  Bown,  and  Lillegraven  (1979), 
but  not  in  more  comprehensive  works  concerning 
early  Eutheria,  such  as  those  by  Kielan-Jaworowska 
(1975a,  1975ft),  McKenna  (1975),  Szalay  (1976), 
and  Crompton  and  Kielan-Jaworowska  (1978). 
Subsequent  to  1970,  additional  specimens  of  the 


Milk  River  insectivoran  were  collected,  as  well  as 
somewhat  younger  fossils  belonging  to  a closely  re- 
lated species,  from  the  middle  Campanian  Oldman 
Formation,  Alberta.  The  latter  species,  known  from 
parts  of  the  lower  dentition,  has  been  named  Para- 
nyctoides sternbergi,  and  was  included  in  a review 
of  eutherian  mammals  from  the  Oldman  Formation 
(Fox,  1979).  The  former,  the  Milk  River  lipotyph- 
lan, is  known  both  from  upper  and  lower  teeth,  and 
comprises  a second  species  of  Paranyctoides.  I de- 
scribe this  species  below  and  examine  further  (see 
Fox,  1979)  the  implications  of  Paranyctoides  for 
clarifying  aspects  of  early  eutherian  history. 


SYSTEMATIC  PALEONTOLOGY 


Subclass  Theria  Parker  and  Haswell  1897 
Infraclass  Eutheria  Gill  1872 
Order  Insectivora  Illiger  1811 
Suborder  Lipotyphla  Haeckel  1866 
Superfamily  Erinaceoidea 
(Fischer  von  Waldheim  1817) 
cf.  Family  Nyctitheriidae  Simpson  1928 

Genus  Paranyctoides  Fox  1979 
Paranyctoides  maleficus  Fox,  new  species 
(Figs.  1-4,  Table  1) 

Note.— The  classification  of  the  Nyctitheriidae  is  in  dispute: 
Sige  (1976)  allied  them  with  what  are  here  termed  the  Erinaceo- 
idea; Krishtalka  (19767>)  associated  them  with  the  Soricoidea; 
and  Van  Valen  (1978)  included  nyctitheres  as  a subfamily  within 
the  Family  Adapisoricidae,  Suborder  Erinaceota  (see  Van  Valen, 
1967). 


Etymology.  — Latin  Maleficus,  adjective,  meaning  mischie- 
vous, in  reference  to  the  implications  of  the  species  for  widely 
accepted  theories  of  early  eutherian  evolution. 

Holotype.  — UA  5573,  incomplete  left  dentary 
having  m2-3. 

Referred  specimens.  — p4:  UA  16174;  ml:  UA  5572,  16170- 
1,  16175,  16181;  m2:  UA  5571;  m3:  UA  16176-7;  dentary  hav- 
ing ml-2:  UA  16168;  upper  molars:  UA  5520,  16169,  161 72— 
3,  16178-80. 

Horizon  and  type  locality.  — From  the  upper 
member  of  the  Milk  River  Formation,  exposed  in 
Verdigris  Coulee,  approximately  29  km  (18  mi)  E 
of  the  village  of  Milk  River,  Alberta.  Exact  locality 
data  on  file  at  the  Laboratory  for  Vertebrate  Pa- 
leontology, The  University  of  Alberta,  are  available 
to  qualified  investigators. 
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Fig.  1 . — Paranyctoides  maleficus  n.sp..  Upper  Milk  River  Formation,  Alberta.  UA  16174,  incomplete  left  dentary  having  P4  (protoconid 
broken):  a)  labial,  b)  lingual,  c)  occlusal,  views.  UA  16175,  right  M,  (protoconid  broken):  d)  occlusal,  e)  labial,  f)  lingual,  views. 
Stereophoto  pairs,  about  x 10. 


Known  distribution.  — Upper  member.  Milk  River 
Formation,  Alberta. 

Diagnosis.  — A species  of  Paranyctoides  closely  re- 
sembling P.  sternbergi  from  the  Oldman  Formation 
(Fox,  1979),  but  differing  in  more  robust  construc- 
tion of  crowns  in  comparable  parts  of  lower  denti- 
tion; upper  molars  not  very  transverse,  having  wide 
stylar  shelf,  strong  parastylar  lobe,  weak  stylocone. 


separate  paracone  and  metacone,  robust  conules, 
and  pre-  and  postprotoconal  cingula,  with  incipient 
hypocone  on  at  least  some  teeth. 

Lower  Dentition 

Knowledge  of  the  lower  molar  dentition  of  Para- 
nyctoides maleficus  is  best  gained  from  the  type 
specimen,  UA  5573,  a fragment  of  left  dentary  con- 
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Fig.  2 . — Paranyctoides  maleficus  n.sp..  Upper  Milk  River  Formation,  Alberta.  UA  5573,  type,  incomplete  left  dentary  having  M2_3 
(protoconids  and  metaconids  broken):  a)  labial,  b)  occlusal,  c)  lingual,  views.  UA  16176,  LM3:  d)  labial,  e)  lingual,  f)  occlusal,  views. 
Stereophoto  pairs,  about  x 10. 


taining  m2-3  and  the  alveolus  for  the  posterior  root 
of  ml.  The  other  lower  molars  in  the  collection  at 
hand  are  referred  to  P.  maleficus  from  their  resem- 
blance to  teeth  on  this  specimen.  All  are  closely 
similar  to  the  molars  of  P.  sternbergi  from  the  Old- 
man Formation. 


Ultimate  lower  premolar.— The  term  “ultimate 
premolar”  is  used  here  to  focus  on  the  uncertainty 
regarding  the  homologies  of  teeth  at  this  position 
(conventionally  called  “dp4”  and  “p4”)  among  eu- 
therians  (see,  for  example,  McKenna,  1975;  Krish- 
talka,  1976a;  Schwartz,  1978;  Fox,  1983). 
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Fig.  3 .—Paranyctoides  maleficus  n.sp.,  Upper  Milk  River  Formation,  Alberta.  UA  16169,  LMX:  a)  occlusal,  b)  lingual,  c)  labial,  views. 
UA  16172,  LM*:  d)  occlusal,  e)  lingual,  f)  labial,  views.  Stereophoto  pairs,  about  x 10. 


The  ultimate  lower  premolar  of  P.  maleficus  is 
known  from  UA  16174,  contained  in  a fragment  of 
left  dentary.  The  tooth  is  damaged  and  incom- 
plete—the  apices  of  the  protoconid  and  paraconid 
are  broken  away  — but  in  parts  that  remain,  it  is 
closely  similar  to  the  ultimate  premolar  in  P.  stern- 
bergi,  differing  in  that  the  talonid  basin  is  broader 
than  in  the  younger  species  (although  only  a hy- 
poconulid  is  present),  the  crown  is  broader  in  max- 
imum transverse  diameter,  a labial  cingulid  is 
scarcely  developed,  and  a slight  swelling  is  present 
in  the  position  of  a metaconid.  A nutritive  foramen 


opens  externally  on  the  dentary  beneath  the  anterior 
root  of  the  premolar,  and  a second  foramen  opens 
externally  beneath  its  posterior  root.  A foramen  in 
the  latter  position,  but  not  the  former,  is  known  to 
occur  in  P.  sternbergi. 

Lower  molars.—  The  lower  molars  of  Para- 
nyctoides maleficus  correspond  closely  with  those  of 
P.  sternbergi,  with  the  major  differences  being  the 
slightly  larger  size  and  more  robust  construction  of 
the  crowns,  which  confers  on  them  a somewhat 
swollen  appearance.  As  in  P.  sternbergi,  trigonids 
are  low  relative  to  talonids,  paraconids  arise  well 
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Fig.  4 .—Paranyctoides  maleficus  n.sp..  Upper  Milk  River  Formation,  Alberta.  UA  16180,  LMX:  a)  occlusal,  b)  lingual,  views.  UA  16173, 
RM":  c)  occlusal,  d)  lingual,  views.  UA  5520,  RMX:  e)  occlusal,  f)  lingual,  views.  Stereophoto  pairs,  about  x 10. 


down  on  anterior  trigonid  wall,  particularly  on  ml; 
talonids  are  wide  and  hypoconids  broad  on  ml -2, 
entoconids  are  hypoconulids  are  not  “twinned”  as 
in  Cretaceous  marsupials,  and  hypoconulid  on  m3 
is  a strongly  projecting,  finger-like  cusp.  Resem- 
blances in  lower  molar  construction  are  near  enough 
to  suggest  a close  relationship  between  P.  maleficus 
and  P.  sternbergi. 

Upper  Dentition 

The  upper  dentition  of  Paranyctoides  maleficus  is 
known  only  from  isolated  molars.  In  the  collection 


at  hand,  teeth  representing  two  positions,  M 1 and 
M2,  may  be  present,  although  observed  differences 
in  coronal  shape  are  too  subtle  to  settle  the  matter 
decisively.  The  description  below  is  based,  then,  on 
features  abstracted  from  the  entire  sample,  and  par- 
ticular features  possibly  owing  to  differences  in  po- 
sition are  noted  thereafter.  The  identification  of  up- 
per molars  as  belonging  to  Paranyctoides  maleficus 
stems  from  the  fit  of  occlusal  patterns  with  those  of 
the  lower  molars  referred  to  the  species. 

Upper  molars.  — Stylar  shelf  wide  labial  to  meta- 
cone and  narrowing  anteriorly  at  level  of  paracone. 
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Table  1 . — Paranyctoides  maleficus  n.  sp..  Upper  member  of  Milk 
River  Formation,  Alberta:  dental  dimensions. 


Tooth  and 
museum  no. 

L 

Tn 

w 

Tal 

u 

UA  16174 

1.4 

.8 

M, 

UA  16168 

1.6 

1.0 

1.1 

16170 

1.5 

.8 

.9 

16171 

1.5 

.7 

.9 

16175 

1.5 

.9 

1.0 

16181 

1.6 

.9 

1.0 

m2 

UA  5573  (type) 

1.7 

1.1 

1.2 

M, 

UA  5573  (type) 

1.7 

1.1 

1.0 

16177 

1.7 

1.1 

— 

16176 

1.6 

1.1 

.9 

M' 

UA  5520 

1.9 

2.2 

16169 

1.6 

1.8 

16172 

1.6 

2.1 

16173 

1.8 

2.1 

Ectoflexus  nearly  symmetrical,  deep,  and  broad. 
Stylocone  small,  at  labial  edge  of  crown,  and  slightly 
in  advance  of  paracone,  to  which  it  is  linked  along 
a low,  anteriorly  convex  preparacrista.  Labial  edge 
of  stylar  shelf  posterior  to  stylocone  having  two  cus- 
pules:  more  anterior  and  smaller  placed  behind 
deepest  part  of  ectoflexus;  second  and  larger— the 
largest  stylar  cusp  — arising  at  a level  slightly  pos- 
terior to  that  of  metaconal  apex.  Parastylar  lobe 
robust  and  supporting  large  stylar  cusp  in  advance 
of  transverse  groove  that  receives  lower  molar  pro- 
toconid.  Small  cusp,  also  adjacent  to  groove,  some- 
times arising  lingual  to  main  parastylar  cusp,  and 
still  smaller  cuspule  sometimes  arising  labial  to  main 
parastylar  cusp. 

Paracone  well  separated  from  metacone;  both  are 


somewhat  flattened  on  their  labial  sides.  Paracone 
larger  than  metacone,  extending  farther  lingually  at 
base,  and  leaning  somewhat  anteriorly.  Prepara- 
crista short  and  weak.  Metacone  leaning  somewhat 
posteriorly;  centrocrista  straight  across  notch  be- 
tween paracone  and  metacone.  Postmetacrista  low 
on  stylar  shelf  and  extending  to  posterolabial  comer 
of  crown,  terminating  there  in  a slight  elevation. 

Paraconule  strong  and  extending  labially  to  base 
of  paracone.  Preparaconular  crista  an  elevated,  cut- 
ting crest.  Paracingulum  wide  along  its  length,  shear- 
ing against  posterior  wall  of  trigonid;  accordingly, 
no  distal  metacristid  occurring  on  lower  molars  (Fox, 
1975).  Postparaconular  crista  a trenchant  crest  ex- 
tending from  apex  of  paraconule  to  base  of  para- 
cone. Metaconule  robust,  although  smaller  and  more 
labially  placed  than  paraconule.  Premetaconular 
crista  a low  but  trenchant  crest  extending  to  base  of 
metacone.  Postmetaconular  crista  similarly  devel- 
oped, and  extending  along  posterior  side  of  crown 
to  a level  labial  to  that  of  metaconal  apex. 

Trigon  basin  deep  and  well  defined.  Protocone 
high,  lower  than  metacone,  and  leaning  somewhat 
anteriorly,  but  still  posterior  to  level  of  paraconal 
apex.  External  walls  or  protocone  supporting  ante- 
rior and  posterior  cingulum.  Cingula  broad,  shelf- 
like structures;  posterior  cingulum  can  be  elevated 
to  a point  lingual  to  its  mid-length  to  form  incipient 
hypocone. 

Variation  occurs  in:  1)  size  of  stylocone  (absent 
on  UA  16173);  2)  size  and  detailed  construction  of 
parastylar  lobe;  3)  presence  of  tiny  cusuples  on  rim 
of  ectoflexus  anterior  to  those  already  noted  (UA 
16172  shows  two  such);  4)  dimensions  of  extoflexus; 
5)  robustness  of  protoconal  cingula  and  incipient 
hypocone,  the  latter  clearly  present  on  only  one 
specimen,  UA  5520.  These  variations  may  be  in- 
dividual, positional,  or  taxonomic,  or  some  com- 
bination of  these  factors;  1 do  not  now  find  them 
taxonomically  significant. 


RELATIONSHIPS  BETWEEN  THE  SPECIES  OF  PARANYCTOIDES 


Only  two  species  of  Paranyctoides  are  known,  P. 
sternbergi  and  P.  maleficus.  The  tooth  crowns  and 
the  cusps  of  P.  sternbergi  are  more  slender,  those  of 
P.  maleficus  are  more  swollen  (bunodont);  at  pres- 
ent, P.  sternbergi  is  the  younger  in  its  discovered 
stratigraphic  occurrence  (the  Oldman  Formation  lies 
above  the  Milk  River  Formation).  How  are  these 
species  related? 


For  Paranyctoides,  it  is  likely  that  the  discovered 
stratigraphic  succession  of  fossils  does  not  reflect  an 
ancestral-descendant  sequence  between  its  two 
species:  in  respect  to  height  of  cusps  and  crests,  a 
common  trend  in  evolution  of  mammalian  denti- 
tions is  toward  an  increase  in  bunodonty,  not  a de- 
crease, as  would  be  the  case  if  P.  maleficus  were 
ancestral  to  P.  sternbergi,  nor  does  the  evidence  in 
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the  present  case  demonstrate  a decrease  in  buno- 
donty  independently  of  stratigraphic  succession.  Ac- 
cordingly, the  younger  species  appears  to  be  the 
structurally  more  primitive,  and  P.  sternbergi  and 
P.  ma/eficus  are  united  through  descent  from  an 
ancestor  having  P.  sternbergi- like  crowns.  This  lat- 


ter hypothesis  (approximation  of  relationships)  is 
testable  (that  is,  can  be  modified)  by  the  discovery 
of  new  fossil  evidence,  just  as  the  prior  hypothesis, 
that  of  an  ancestor-descendant  relationship,  was 
sensitive  to  and  rejected  from  the  evidence  at  hand. 


CHARACTER  STATES  OF  ANCESTRAL  EUTHERIANS  AND  THE 
PHYLOGENETIC  POSITION  OF  PARANYCTOIDES 


From  comparison  of  specimens  referred  to  all  rel- 
evant species,  it  is  possible  to  develop  an  hypothesis 
of  character  states  of  upper  and  lower  molars  and 
ultimate  premolars  in  the  “ancestral”  eutherians. 
“Relevant  species”  is,  of  course,  a subjective  choice, 
but  includes  species  discussed  in  Patterson  (1956), 
Crompton  (1971),  and  Fox  (1975),  plus  information 
from  the  Albian  therians  additional  to  Pappother- 
ium  (see  Slaughter,  1971;  Butler,  1978);  and  also 
includes  Kennalestes  (see  below),  Zalambdalestes, 
Asioryctes,  Cimolestes,  Batodon,  Gal/olestes,  Gyp- 
sonictops,  Potamotelses,  the  Deltatheridiidae,  and 
all  of  the  Cretaceous  marsupials.  These  species  to- 
gether provide  a comprehensive  array  of  Late  Cre- 
taceous tribosphenic  therians  adequate  for  compar- 
ison. The  hypothetical  character  states  are: 

1.  Upper  molars  3-rooted  and  moderately  trans- 
verse in  coronal  width;  major  cusps  on  uppers 
and  lowers  high. 

2.  Stylar  shelf  wide,  ectoflexus  deep,  especially  on 
M2. 

3.  Parastylar  lobe  prominent  and  hook-like,  and 
bearing  at  least  one  cusp. 

4.  Stylocone  well  developed,  the  largest  stylar  cusp, 
and  linked  to  paracone  by  trenchant  prepara- 
crista. 

5.  Metastylar  cusp  on  ectocingulum,  lower  and 
smaller  than  stylocone,  and  located  labial  to 
metacone. 

6.  Other  stylar  cusps  small,  irregular  in  position 
and  occurrence. 

7.  Paracone  and  metacone  separate;  paracone  more 
nearly  erect,  larger  and  higher  than  metacone, 
and  more  lingually  extending  at  base;  metacone 
leaning  somewhat  posteriorly. 

8.  Protocone  low,  small,  lacking  cingula;  proto- 
conal  walls  not  inflated. 

9.  Conules  small,  having  poorly  developed 


“wings,”  and  set  off  lingually  from  bases  of 
paracone  and  metacone;  paraconule  larger  than 
metaconule  and  placed  more  lingually. 

1 0.  Paracingulum  continuous  anterior  to  paracone, 
from  preprotoconal  crista  to  parastyle  (Fox, 
1975). 

1 1.  Cusp  “c”  (Slaughter,  1971)  on  high  postmeta- 
crista. 

12.  Postmetaconular  crista  short,  not  extending  to 
posterolabial  corner  of  crown. 

1 3.  Ultimate  upper  premolar  having  protocone  and 
lacking  metacone. 

14.  Lower  molar  trigonids  tricuspid,  with  proto- 
conid  highest  and  paraconid  lowest  of  trigonid 
cusps;  trigonid  angle  relatively  acute  (Fox,  1975). 

1 5.  Paraconid  cuspate,  not  appressed  against  meta- 
conid,  located  slightly  internally  (labially). 

16.  Anterior  trigonid  wall  having  short,  oblique 
cingulid  and  a lingal  accessory  cusp. 

17.  Posterior  wall  of  trigonid  somewhat  oblique 
transversely  and  lacking  distal  metacristid  (Fox, 
1975),  in  keeping  with  complete  paracingulum 
on  upper  molars. 

18.  Talonid  basined,  at  widest  (m2)  little  wider  than 
trigonid,  and  tri-cuspate. 

19.  Hypoconulid  approximately  equidistant  from 
hypoconid  and  entoconid,  and  centrally  placed 
on  posterior  talonid  rim;  short  postcingulid  ex- 
tending labially  from  hypoconulid. 

20.  Hypoconulid  on  m3  strongly  developed,  pro- 
jecting upward  in  finger-like  fashion. 

21.  Cristid  obliqua  meeting  posterior  wall  of  tri- 
gonid lingual  to  notch  between  protoconid  and 
metaconid. 

22.  Ultimate  lower  premolar  having  incipient 
metaconid  and  incompletely  basined  talonid, 
bearing  two  cusps  (hypoconulid  and  entoconid). 

23.  M2/m2  largest  molars;  M3/m3  smaller  than 
M2/m2,  but  not  greatly  reduced. 


16 


SPECIAL  PUBLICATION  CARNEGIE  MUSEUM  OF  NATURAL  HISTORY 


NO.  9 


By  comparison,  Paranyctoides  is  relatively  ad- 
vanced as  follows: 

1.  Reduced  transverse  width  of  upper  molars  rel- 
ative to  length;  increased  width  of  lower  molars, 
and  of  talonids  relative  to  trigonids. 

2.  Reduced  stylocone  and  preparacrista. 

3.  Development  of  anterior  and  posterior  proto- 
conal  cingula,  and,  on  some  specimens,  incipient 
hypocone. 

4.  More  robust  conules,  having  well  developed 
“wings.” 

5.  Paraconid  arising  from  relatively  low  position 
on  trigonid. 

6.  Absence  of  lingual  accessory  trigonid  cusp. 

7.  Lowering  of  major  cusps  on  both  upper  and  low- 
er molars. 

In  total,  in  respect  to  both  primitive  and  advanced 
features,  the  teeth  of  Paranyctoides  show  greatest 
resemblances  to  the  teeth  of  primitive  lipotyphlan 
insectivorans,  such  as  the  Paleocene  Adapisoricidae 
and  Nyctitheriidae,  and  primitive  protongulate 
mammals,  such  as  the  latest  Cretaceous  and  Paleo- 
cene Protungulatum  Sloan  and  Van  Valen  1 965  (and 
see  Fox,  1979).  Further,  these  groups  share  with 
Paranyctoides  each  of  the  presumably  advanced  fea- 
tures above,  except  for  the  low  paraconid;  major 
differences  in  the  younger  species  include  relatively 
narrower  stylar  shelves,  smaller  parastylar  lobes,  and 
inflated  protocones. 

Butler  (1977;  and  see  Kielan-Jaworowska,  Bown, 
and  Lillegraven  (1979))  believed  that  Paranyctoides 
is  not  “near”  any  other  Cretaceous  placental,  a view 
controverted  by  the  illustrations  in  his  own  paper. 
Clearly,  the  resemblances  between  the  teeth  of  Para- 
nyctoides, lipotyphlans,  and  primitive  condylarths 
are  real;  the  known  differences  are  no  barrier  to  a 
close  relationship  between  them  (although  the  po- 
sition of  the  paraconid  makes  it  unlikely  that  Para- 
nyctoides itself  was  ancestral  to  one  or  the  other  of 


the  more  progressive  groups).  No  reversals  in  evo- 
lutionary direction  are  required  to  explain  the  re- 
semblances between  these  groups,  and,  more  posi- 
tively, the  differences  observed  are  bridged  by 
modifications  occurring  during  descent  within  other 
lineages  of  primitive  eutherian  mammals,  and  hence 
are  no  bar  to  the  relationships  suggested  here. 

More  broadly,  the  importance  of  Paranyctoides 
resides  in  its  documentation  that  1)  apparent  lipo- 
typhlan mammals  having  primitive  nyctitheriid-like 
molars  existed  by  middle  LateCretaceous  time,  very 
much  earlier  (~20  my)  geologically  than  had  pre- 
viously been  known;  this  is  of  particular  interest  in 
that  lipotyphlans,  although  long  recognized  to  be 
structurally  primitive,  had  not  been  discovered  at 
early,  Mesozoic  horizons;  2)  its  fossils  provide  closer 
structural  approximations  for  groups  basal  to  sev- 
eral higher  taxa  (including  Lipotyphla,  Primates, 
Tupaiidae,  Dermoptera,  Condylarthra)  than  any 
previously  suggested  alternatives  from  either  the 
Tertiary  or  Cretaceous  in  North  America  or  else- 
where; 3)  if  Paranyctoides  is  a lipotyphlan  and  has 
the  relationships  to  condylarths  suggested  here, 
Simpson’s  (1945)  concept  of  a Cohort  Ferungulata 
(inluding  the  primarily  carnivorous  orders  Creo- 
donta  and  Carnivora,  plus  all  of  the  “ungulate” 
mammals,  and  suggested  as  having  descended  from 
Mesozoic  eutherians  within  the  Palaeoryctidae— see 
Lillegraven  1 969)  needs  to  be  re-examined;  4)  North 
American  eutherian  mammals  of  the  Mesozoic  are 
not  necessarily  latest  Cretaceous  immigrants  from 
other  continents;  5)  Kennalestes  (and  see  below), 
instead  of  occupying  a central  place  in  early  eutheri- 
an differentiation  (Butler,  1972;  Kielan-Jaworow- 
ska, 1977;  Crompton  and  Kielan-Jaworowska, 
1978),  has  evolved  in  specialized,  leptictoid  direc- 
tions; and  6)  placentals  are  already  diverse  in  the 
Late  Cretaceous  (Butler,  1977),  with  the  genera  not 
being,  for  the  most  part,  closely  related  to  each  other. 


PARANYCTOIDES  AND  KENNALESTES 


Of  known  Cretaceous  eutherians,  Kennalestes  go- 
biensis  is  probably  the  species  most  likely  to  be 
viewed  as  relevant  to  the  ancestry  of  Paranyctoides, 
at  least  in  a structural  sense,  and  perhaps  in  a phy- 
logenetic sense  as  well.  Kielan-Jaworowska  (1969; 
1975a,  19756;  1977),  Lillegraven  1969),  Butler 
(1972,  1977),  Clemens  (1973a),  McKenna  (1975), 
and  Crompton  and  Kielan-Jaworowska  (1978)  have 


interpreted  Kennalestes  as  a very  primitive  Late 
Cretaceous  eutherian,  which  it  surely  is.  Kielan-Ja- 
worowska (1975a,  19756,  1977),  Butler  (1972),  and 
Crompton  and  Kielan-Jaworowska  (1978)  have  gone 
still  further,  casting  Kennalestes  in  a virtual  arche- 
typal role,  not  only  in  respect  to  Gypsonictops  (Fox, 
1977),  but  to  all  or  nearly  all  Late  Cretaceous  eu- 
therians, including  Paranyctoides.  In  principle,  it  is 
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Fig.  5.  — Phylogenetic  relationships  of  Cretaceous  Eutheria. 
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doubtful  that  Kennalestes  (or  any  other  fossil)  can 
measure  up  to  these  latter  “responsibilities.” 

Relative  to  the  upper  molars  of  Kennalestes,  those 
of  P.  maleficus  are  less  transverse,  have  a wider 
stylar  shelf,  separate  and  lower  paracone  and  meta- 
cone (partly  connate  in  Kennalestes),  stronger  con- 
ules  and  cristae  associated  with  them,  stronger  pro- 
toconal  cingula,  weaker  stylocone,  distal  stylar 
cuspules,  lower  postmetacrista  (although  still  well 
developed),  stronger  parastylar  lobe,  and  weaker  ec- 
toflexus.  For  the  lower  molars,  those  of  Paranyc- 
toides  have  lower  cusps,  transversely  wider  crowns, 
talonids  proportionally  wider  relative  to  trigonids, 
less  anteroposteriorly  compressed  trigonids,  and 
stronger  paraconids,  arising  from  a relatively  low 
position  on  the  anterior  trigonid  wall. 

According  to  present  understanding  of  polarities 
in  the  evolution  of  primitive  tribosphenic  molars, 
Paranyctoides  is  more  primitive  than  Kennalestes 
in  width  of  stylar  shelf,  presence  of  cuspules  on  the 
shelf  distal  to  the  stylocone,  larger  parastylar  lobe, 
fully  separate  paracone  and  metacone,  and  less  com- 
pressed trigonid  and  stronger  paraconid.  Kenna- 
lestes is  the  more  primitive  in  occlusal  outlines, 
higher  principal  cusps,  weaker  conules,  smaller  pro- 


toconal  cingula  lacking  an  incipient  hypocone,  and 
higher  preparacrista  and  postmetacrista.  The  dis- 
tribution of  primitive  states  in  the  two  forms  in- 
dicates that  Paranyctoides  is  not  likely  to  have  been 
a descendant  of  Kennalestes  or  a species  having  a 
Kenna/estes-like  configuration  of  the  stylar  area, 
paraconids,  and  ultimate  lower  premolar  (Fox, 
1979).  Hypotheses  of  descent  of  Kennalestes  from 
a Paranyctoides- like  species  seem  even  less  com- 
pelling (less  parsimonious)  in  terms  of  what  is 
understood  of  polarities  in  molar  evolution  among 
Cretaceous  Theria;  nor  is  it  evident  that  Kennalestes 
and  Paranyctoides  have  some  “special”  relationship 
to  each  other  through  a close  common  ancestor,  one 
closer  than  that  between  Kennalestes  and  Gypson- 
ictops,  as  one  possibility,  or  even  between  Kenna- 
lestes and  the  Palaeoryctidae,  as  a second.  Nor  can 
it  be  determined,  for  example,  whether  the  proto- 
conal  cingula  in  Kennalestes  and  Paranyctoides  are 
retentions  from  a common  ancestor  or  were  evolved 
independently.  All  one  can  do  at  present  is  to  state 
the  likelihood  that  protoconal  cingula  are  a derived 
feature,  originating  at  some  time  after  the  inception 
of  the  Eutheria. 


PARANYCTOIDES  IN  THE  CONTEXT  OF  CRETACEOUS  EUTHERIA 


The  accompanying  diagram  (Fig.  5)  depicts  my 
assessment  of  the  relationships  of  Paranyctoides, 
other  Cretaceous  Theria,  and  the  major  Cenozoic 
groups  that  can  be  realistically  viewed  as  their  de- 
scendants (consequently  not  all  eutherian  orders  are 
included).  Asterisks  indicate  genera  known  from 
Mongolia;  the  remainder  are  North  American. 

I consider  Pappotherium  to  be  a eutherian.  Butler 
(1978),  in  keeping  with  several  recent  authors  (for 
example,  Turnbull,  1971;  Kielan-Jaworowska, 
197 5 A),  does  not;  nor  do  Kielan-Jaworowska,  Ea- 
ton, and  Bown  (1979).  Butler  (1978)  has  restored 
Papportherium  with  four  molars,  but  he  has  not 
shown  why  tooth  fragments  that  he  supposes  rep- 
resent upper  molars  at  anterior  positions  in  Pap- 
potherium do  not  instead  pertain  to  one  or  another 
of  the  now  several  named  tribosphenic  therians  in 
the  Trinity  Sands  known  from  only  lower  molars. 
Further,  the  molars  on  the  type  specimen  of  Pap- 
potherium closely  resemble  undescribed  teeth  of 
“Prokennalestes,”  an  undoubted  eutherian  having 
three  molars,  from  the  Lower  Cretaceous  of  Mon- 


golia (Beliajeva  et  al.  1974).  Slaughter  (1981)  has 
reconfirmed  the  eutherian  status  of  Pappotherium 
on  still  different  grounds. 

I follow  Clemens  (1974),  Krishtalka  and  Schwartz 
(1978),  and  Kielan-Jaworowska,  Bown,  and  Lille- 
graven  (1979)  in  considering  Purgatorius  a primate 
(but  not  Schwartz,  Tattersall,  and  Eldredge  [1978], 
who  do  not).  The  phylogenetic  position  of  Gallo- 
lestes  is  uncertain  (Lillegraven,  1976;  Butler,  1977); 
the  shape  of  the  crowns  perhaps  suggests  lipotyphlan 
affinities,  but  a molariform  ultimate  premolar  (see 
Krishtalka  1976a,  b ) is  unexpected  in  a primitive 
lipotyphlan.  Kielan-Jaworowska,  Bown,  and  Lille- 
graven (1979)  note  some  resemblances  of  Gallo- 
lestes  to  palaeoryctids. 

Oxyprimus,  Ragnarok,  Earendil  and  Mimatuta 
are  new  condylarths  that  join  Protungulatum  in  the 
uppermost  Cretaceous  and  Paleocene  (Van  Valen 
1978;  Johnston  19806;  Archibald  1982);  Ragnarok, 
Earendil,  and  Mimatuta  are  omitted  from  the  chart 
because  of  lack  of  space  on  it. 

I follow  Fox  (1977)  in  respect  to  relationships 
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between  Kennalestes  and  Gypsonictops-,  Butler  (1977) 
Crompton  and  Kielan-Jaworowska  (1978)  and  Kie- 
ian-Jaworowska,  Bown,  and  Lillegraven  (1979)  dis- 
agree, but  have  not  taken  into  account  the  derived 
state  of  the  premolar  pattern  in  Kennalestes  (Fox 
1977):  failing  a reversal  in  evolution,  Kennalestes 
can  not  be  ancestral  to  Gypsonictops,  and  insofar  as 
it  has  evolved  in  leptictoid  directions,  it  is  not  an- 
cestral to  any  other  eutherian  group.  I do  not  con- 
sider the  possession  of  five  lower  premolar  loci  and 
other  primitive  states  sufficient  to  remove  Gypson- 
ictops from  the  Leptictidae,  thereby  differing  from 
Butler  (1972)  and  Novacek  (1977). 

McKenna  (1975,  and  references  therein)  and  Sza- 
lay  (1976)  associate  the  lagomorphs  and  elephant 
shrews  with  the  Asiatic  zalambdalestids,  but  Kielan- 
Jaworowska  (1979)  and  Kielan-Jaworowska,  Bown, 
and  Lillegraven  ( 1 979),  from  both  cranial  and  post- 
cranial  remains,  strongly  disagree.  Kielan-Jawo- 
rowska (19756)  has  shown  close  affinity  between 
Zalambdalestes  and  Barunlestes. 


Lillegraven  ( 1 969)  and  Clemens  ( 1973a)  have  best 
reviewed  the  relationships  of  the  Palaeoryctidae. 
New  fossils  from  the  Upper  Cretacous  of  Saskatch- 
ewan, Canada,  strongly  corroborate  an  hypothesis 
of  descent  of  Procerberus  from  Cimolestes  (John- 
ston, 1980a),  as  first  argued  by  Lillegraven  (1969). 
Van  Valen  (1978)  has  extended  the  range  of  Pro- 
cerberus into  the  Paleocene. 

The  relationships  of  Telacodon  are  uncertain 
(Clemens,  1973a)  but  may  be  nearer  the  Palaeoryc- 
tidae than  to  other  groups.  Batodon  has  recently 
been  the  focus  of  new  interpretations  that  would 
ally  it  with  the  Lipotyphla  (McKenna,  1975;  No- 
vacek, 1976),  but  that  view  is  rejected  here.  Szalay’s 
(1976)  inclusion  of  Leptictinae  and  Palaeoryctinae 
in  a single  order,  and  Asioryctes  in  its  own  separate 
family  as  eutherian,  incertae  sedis,  does  not  reflect 
resemblances  in  the  pertinent  fossils  and  is  not  fol- 
lowed in  this  paper. 
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EARLY  EOCENE  MULTITUBERCULATES  (MAMMALIA: 
ALLOTHERIA)  FROM  THE  BIGHORN  BASIN,  WYOMING 

Leonard  Krishtalka 

ABSTRACT 

Three  species  of  multituberculates— Ectypodus  tardus,  Parec-  species  of  Ectypodus  survived  into  the  late  Eocene  and  early 

typodus  sp.,  Neoliotomus  ultimus— are  described  from  early  Wa-  Oligocene,  but  the  genus  remains  unknown  from  Bridgenan  ho- 

satchian  deposits  in  the  Bighorn  Basin.  One,  or  possibly  two,  rizons. 


INTRODUCTION 


In  1952  and  1953  J.  L.  Kay,  J.  A.  Dorr,  and  a 
Carnegie  Museum  of  Natural  History  field  party  col- 
lected three  large  fossiliferous  blocks  from  two  lo- 
calities in  the  “Grey  Bull  horizon”  of  the  Bighorn 
Basin.  Two  came  from  a quarry  along  Adobe  Creek, 
west  of  Manderson,  Wyoming  (CM  locality  676), 
and  the  third  from  exposures  five  miles  west  of  Ba- 
sin, Wyoming,  in  Section  21  or  22,  T 5 IN,  R 94W 
(CM  locality  681).  These  blocks  yielded  a wealth  of 
well  preserved  condylarth,  perissodactyl,  artiodac- 
tyl,  carnivore,  creodont,  tillodont,  insectivore,  and 
multituberculate  remains  that  were  never  described. 
Kay  and  party  also  collected  remains  of  a variety  of 


small  mammals  from  the  surface  of  nearby  expo- 
sures in  Sections  1 0- 1 1 , T 50N,  R 94W  (CM  locality 
150),  among  them  a partial  dentary  of  a multitu- 
berculate. The  deposits  called  “Grey  Bull  horizon” 
in  the  field  records  appear  to  correspond  with  the 
Elk  Creek  facies  of  the  lower  Willwood  Formation 
as  defined  by  Bown  (1979). 

Abbreviations  are  as  follows:  CM,  Carnegie  Museum  of  Nat- 
ural History;  PU,  Princeton  University;  L,  length;  W,  width.  All 
measurements  in  text  and  tables  are  in  millimeters  (mm).  The 
term  “relative  height  of  the  first  serration”  of  multituberculate 
P4s  (Sloan,  1966;  Holtzman,  1978)  is  the  ratio  of  the  distance 
between  the  dorsal  lip  of  the  anterobasal  concavity  and  the  first 
serration  to  the  standard  length  of  the  tooth. 


SYSTEMATICS 


Order  Multituberculata  Cope,  1884 
Suborder  Ptilodontoidea 
(Gregory  and  Simpson,  1926) 

Family  Neoplagiaulacidae  Ameghino,  1890 

Ectypodus  Matthew  and  Granger,  1921 
Ectypodus  tardus  (Jepsen,  1930) 

(Fig.  1;  Table  1) 

Referred  specimens.  — Partial  dentary  with:  P„-M,,  CM  12300; 
I,  P4,  CM12117,  17464;  P4,  CM  12123,  12131,  12132,  12133, 
17465;  isolated  P4,  CM  12118. 

Localities.  — CM  676,  681,  Elk  Creek  facies,  Will- 
wood  Formation,  Wyoming. 

Known  distribution.  — Wasatchian  of  Colorado, 
Wyoming;  Sparnacian  of  France. 

Description:  mandible.— CM  17464  is  a nearly 
complete  left  dentary  of  which  only  the  labial  surface 
and  the  mandibular  condyle  can  safely  be  exposed 
by  preparation.  The  coronoid  process  and  part  of 
the  corpus  of  the  mandible  below  the  ascending  ra- 
mus are  not  preserved.  In  labial  view,  the  ventral 


border  of  the  mandible  is  gently  convex  from  the 
incisor  alveolus  to  a point  below  the  beginning  of 
the  ascending  ramus,  and  is  more  nearly  straight 
from  that  point  to  the  back  corner  of  the  jaw.  The 
posterior  margin  below  the  condyle  is  straight  and 
vertical;  the  posteroventral  corner  is  rounded.  A 
raised  lip  at  this  corner  delimits  the  margins  of  a 
shallow  masseteric  fossa.  There  is  no  angular  pro- 
cess. The  posterodorsal  comer  of  the  condylar  pro- 
cess is  also  rounded,  whereas  its  anterodorsal  corner 
is  a sharp-edged  right  angle.  The  vertical  anterior 
and  horizontal  dorsal  margins  of  the  condylar  pro- 
cess are  parallel  respectively  to  the  posterior  and 
ventral  borders  of  the  jaw.  The  anterior  part  of  the 
condylar  process  is  approximately  20%  higher  than 
the  corpus  of  the  mandible  just  anterior  to  the  pro- 
cess. In  end  view  the  base  of  the  dentary  is  narrow 
but  the  jaw  becomes  broader  dorsally  as  its  labial 
and  lingual  walls  diverge  to  form  the  condyle.  The 
superior  surface  of  the  condyle  (1.8  mm  greatest 
width  in  end  view)  is  not  perpendicular  to  the  ver- 
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Fig.  \.  — Ectypodus  tardus.  A.  CM  12117,  left  I,  P4;  labial  and  lingual  views.  B.  CM  12300,  left  P4-M2;  occlusal  view.  C.  CM  17464, 
left  dentary  with  I,  P4;  labial  view.  Scale  indicates  one  mm. 


tical  posterior  border  of  the  jaw,  but  slopes  gently 
from  its  higher  internal  edge  to  the  lower  external 
one.  From  posterodorsal  aspect  the  condylar  area 
resembles  a rounded  teardrop  with  a long  basal  stem; 


in  dorsal  view  it  is  more  nearly  circular  (1.7  mm 
diameter). 

Incisor.  — Both  of  the  lower  incisors  in  this  sample 
occur  in  association  with  a P4.  On  CM  12117,  a 
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partial  left  dentary  perhaps  of  a juvenile  individual, 
the  anterior  part  of  a left  lower  incisor  is  preserved 
in  the  dentary  below  P4,  with  the  tip  erupted  just 
anterior  to  the  premolar.  The  incisor,  extremely 
compressed,  is  divided  into  external  and  internal 
surfaces  by  crests  that  meet  at  the  tip.  The  external 
surface,  of  which  only  the  anteriormost  part  is  ex- 
posed, is  gently  convex  in  cross-section.  The  internal 
face  is  subdivided  longitudinally  into  two  surfaces 
by  a weak  ridge  that  runs  posteriorly  from  the  tip. 
Both  of  these  surfaces  are  shallowly  concave,  with 
the  labial  one  approximately  half  as  wide  as  the 
lingual  one. 

On  CM  1 7464  the  posterior  part  of  a lower  incisor 
is  exposed  by  breakeage  on  the  labial  surface  of  the 
dentary  posteriorly  to  below  the  anterior  root  of  P4. 
The  incisor  is  slightly  laterally  compressed  and  its 
broken  anterior  end  is  ovoid  in  cross-section.  Enam- 
el completely  covers  the  surface  of  both  incisors. 

P4.—  P4  (L,  2. 7-3.0  mm)  bears  10  (5  specimens) 
or  11  (3  specimens)  serrations  that  become  pro- 
gressively stronger  posteriorly.  The  relative  height 
of  the  first  serration  is  0.34-0.40  and  the  third  or 
fourth  serration  is  highest  above  the  line  for  stan- 
dard length.  The  profile,  higher  anteriorly  than  pos- 
teriorly, is  convex  between  the  first  and  either  the 
fifth  or  sixth  serrations,  and  more  nearly  straight 
and  posteroventrally  inclined  from  the  latter  to  the 
last  serration.  The  interserration  distance  becomes 
progressively  smaller  from  the  first  to  fifth  or  sixth 
serrations,  and  is  approximately  equal  thereafter. 
The  leading  edge  of  the  blade  is  either  straight  or 
barely  convex  between  the  anterobasal  concavity 
and  the  first  serration.  On  those  P4’s  with  the  latter 
condition,  only  the  upper  one-third  of  the  leading 
edge  is  arcuate. 

The  labial  and  lingual  ridges  from  the  first  ser- 
ration are  either  absent  or  barely  discernable,  as  is 
also  the  last  lingual  ridge.  Those  from  the  second 
serration  are  weak,  but  the  posterior  ridges  become 
progressively  stronger  and  more  widely  spaced.  The 
longest  labial  ridges— -those  from  the  third  to  sev- 
enth serrations— end  on  or  just  above  the  exodaen- 
odont  lobe.  Four  of  the  blades  (CM  12132,  12133, 
1 2300,  1 7464)  have  a second  lingual  ridge  that  runs 
posteroventrally  from  the  penultimate  serration. 
This  occurs  on  two  other  P4’s  (CM  12131,  12123) 
but  is  further  modified  in  that  the  posterior  ridge 
runs  ventrally  and  bifurcates  into  anterior  and  pos- 
terior branches.  On  CM  12300  two  labial  grooves 
curve  posteroventrally,  one  from  between  the  last 
and  penultimate  serration,  and  the  other  from  be- 


Table  1 . — Dimensions  of  P4's  <?/  Ectypodus  tardus. 


Specimen 

Length 

Serrations 

Rel.  ht.  1st 
serration 

CM  12123 

3.0 

10 

0.40 

CM  12300 

2.7 

10 

0.37 

CM  17465 

2.7 

10 

0.37 

CM  12131 

2.7 

10 

0.35 

CM  12132 

2.7 

11 

0.35 

CM  12133 

2.8 

1 1 

0.39 

CM  12117 

2.8 

10 

0.34 

CM  17464 

2.8  + 

1 1 

0.38 

tween  the  latter  and  the  antepenultimate  serration. 
This  does  not  occur  on  CM  12117  and  is  not  ob- 
servable on  the  other  blades  because  of  excessive 
wear. 

On  the  seven  specimens  that  preserve  the  dentary 
anterior  to  P4  there  is  no  indication  of  a P3  or  an 
alveolus  for  that  tooth.  All  of  the  blades,  however, 
have  a shallow  anterobasal  depression  in  that  por- 
tion of  the  leading  edge  that  overhangs  the  anterior 
root.  The  anterior  root,  exposed  on  two  of  the  P4’s 
(CM  12117,  17465),  bears  a shallow  vertical  groove 
on  its  anterior  face  that  is  continuous  with  the  an- 
terobasal depression.  In  the  single  specimen  with 
P4-M2  the  crown  of  the  premolar  is  aligned  with  the 
internal  row  of  cusps  on  the  molars. 

— The  only  molars  in  the  sample  occur  in 
association  with  P4  in  a partial  left  dentary  (CM 
12300).  On  M,  (L,  1.7;  W,  0.8;  cusp  formula,  7:4) 
the  two  rows  of  cusps  diverge  posteriorly  from  the 
anterior  edge  of  the  crown  to  the  level  of  the  third 
external  cusp,  but  are  more  nearly  parallel  poste- 
riorly. The  lingual  margin  of  the  crown  is  slightly 
emarginate  between  the  second  and  third  internal 
cusps,  and  the  crown  is  widest  at  the  level  of  the 
last  internal  cusp.  The  posterior  border  is  oriented 
posterolabially.  In  the  external  row  the  first  cusp  is 
smallest,  the  second  larger,  the  third  to  sixth  cusps 
subequal  and  larger  than  the  second,  and  the  last 
cusp  largest.  The  external  cusps,  especially  the  first 
three,  are  lower  and  more  worn  than  the  internal 
ones.  In  the  internal  row  the  first  cusp  is  triangular, 
whereas  the  other  three  are  four-sided.  The  second 
internal  cusp  is  highest  and  least  worn. 

The  lateral  margins  of  the  crown  of  M2  (L,  1 .0; 
W,  0.9;  cusp  forumla,  4:2)  are  parallel  and  the  pos- 
terior border  is  oriented  posterolabially  because  of 
the  longer  external  row.  As  on  M,,  the  external  row 
on  M2  is  heavily  worn  and  the  four  cusps  are  ill- 
defined.  The  two  internal  cusps,  higher  and  larger 
than  the  external  ones,  are  clearly  separated  by  a 
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deep  notch.  Each  bears  a deep  vertical  groove  on 
its  medial  face  and  a large  wear  facet  on  its  lateral 
one. 

Remarks.— All  of  the  P4’s  discussed  here  exhibit 
a profile  typical  of  Ectypodus : higher  and  more  ar- 
cuate anteriorly  than  posteriorly;  a more  nearly 
straight  than  convex  leading  edge;  a relative  height 
of  the  first  serration  (0.34-0.40)  and  an  anterior 
profile  that  are  lower  than  those  of  Parectypodus 
and  higher  than  those  of  Mesodma ; the  third  or 
fourth  serration  is  highest  above  the  line  for  stan- 
dard length.  On  P4’s  of  Neoplagiaulax  the  fifth,  sixth, 
or  seventh  serrations  are  highest  and  the  postero- 
labial  ridges  are  reversely  oriented  (Krause,  1977; 
Holtzman,  1978;  Sloan,  1981). 

Among  known  species  of  Ectypodus , this  material 
most  closely  resembles  comparable  parts  of  the  den- 
tition of  the  Wasatchian  E.  tardus  and  the  Tiffanian 
E.  powel/i.  Both  species,  according  to  published  de- 
scriptions (Jepsen,  1930,  1940;  McKenna,  1960)  are 
similar  in  size,  number  of  serrations  on  P4  (9-1 1, 
E.  tardus\  10,  E.  powelli),  lower  molar  cusp  formula 
(M,,  7-8:4;  M2,  4:2),  and,  until  most  recently,  were 
thought  to  lack  P3.  Sloan  (1979)  figured  a P3  in  an 
illustration  of  E.  tardus  and  has  shown  (Sloan,  1981) 
that  its  occurrence,  as  well  as  the  anterobasal  depres- 
sion on  P4  is  variable.  One  possibly  distinguishing 
feature— a different  cusp  formula  on  M1  (7:7:7,  E. 
powelli ; 8:9:6,  E.  tardus)  — is  no  longer  valid:  iden- 
tification of  the  only  known  complete  M1  of  E.  pow- 
elli (PU  14463)  was  tentative  (Jepsen,  1940),  and 
Krause  (1977)  has  since  referred  that  tooth  to  Mi- 
crocosmodon.  Unfortunately,  cusp  formulae  cannot 
be  determined  from  the  broken  M’’s  from  Dell  Creek 
Quarry  that  Dorr  (1952)  also  assigned  with  question 
to  E.  powelli.  E.  powelli  and  E.  tardus  may  be  con- 
specific.  The  systematics  of  both  species  are  cur- 
rently under  study  elsewhere  (R.  E.  Sloan,  D.  W. 
Krause,  personal  communication,  1980). 

Apart  from  Jepsen’s  (1930),  Bown’s  (1979),  and 
this  record  from  the  Willwood  Formation,  E.  tardus 
has  been  recorded  from  the  Four  Mile  fauna,  Col- 
orado (McKenna,  1960)  and  from  Mutigny,  France 
(Sloan,  written  communication,  1976;  in  Bown, 
1979).  Ectypodus  [E.  lovei  (pace  Sloan,  1966,  1981) 
and  Ectypodus  sp.]  also  occurs  in  the  Uintan-Du- 
chesnean  deposits  of  Wyoming  and  Montana 
(Krishtalka  and  Black,  1 975)  — a conclusion  recently 
strengthened  by  recovery  of  a complete  P4  Ectypo- 
dus from  these  sediments. 

Oligocene  multituberculates  were  first  reported 
from  the  early  Chadronian  Pilgrim  Creek  locality, 


Wyoming  (Sutton  and  Black,  1972)  on  the  basis  of 
a broken  upper  molar  provisionally  identified  as 
Parectypodus.  More  recent  study  indicates  that  this 
tooth,  along  with  others  recovered  from  other  Chad- 
ronian deposits  in  Wyoming,  Nebraska  and  Sas- 
katchewan document  the  survival  of  Ectypodus  lov- 
ei and  Ectypodus  sp.  into  the  Oligocene  (Krishtalka 
et  al.,  1982). 

Parectypodus  Jepsen,  1 940 
Parectypodus  sp. 

(Fig.  2) 

Referred  specimens.  — Partial  dentary  with  I,  P„,  CM  12109, 
28954;  broken  P4,  CM  38559;  isolated  P4,  CM  12108. 

Locality.— CM  681,  Elk  Creek  facies,  Willwood 
Formation,  Wyoming. 

Known  distribution.  — Wasatchian  of  Colorado, 
Wyoming,  North  Dakota;  Spamacian  of  England, 
France. 

Description:  mandible.— CM  12109  preserves  part 
of  a left  dentary  with  a complete  incisor,  P4,  and  the 
alveolar  region  of  the  molars.  The  coronoid  process, 
condylar  process,  and  posterior  area  of  the  jaw  are 
broken  away.  In  labial  aspect,  the  ventral  margin  of 
the  jaw  is  convex  from  the  anterior  end  to  a point 
below  the  posterior  root  of  P4,  and  is  straight  there- 
after. The  linear  bulge  that  continues  posteriorly  as 
the  anterior  edge  of  the  ascending  ramus  originates 
just  posterior  to  the  exodaenodont  lobe  of  P4.  The 
mental  foramen  occurs  near  the  dorsal  margin  of 
the  jaw,  approximately  midway  between  the  exo- 
daenodont lobe  of  P4  and  incisor  alveolus.  The  depth 
of  the  preserved  parts  of  the  masseteric  and  tem- 
poral fossae  has  been  exaggerated  by  breakage  and 
lateral  compression  of  the  external  wall  of  the  den- 
tary. The  dorsal  surface  of  the  dentary  is  smooth 
anterior  to  P4;  there  is  no  P3  or  alveolus  for  that 
tooth. 

Incisor.  — The  incisor  is  severely  laterally  com- 
pressed at  the  tip  and  divided  into  external  and 
internal  surfaces  by  strong  dorsal  and  ventral  ridges. 
A third  longitudinal  ridge  subdivides  the  internal 
face  into  a narrow,  flat  dorsal  and  broader,  concave 
ventral  surface.  The  external  surface  is  convex.  The 
incisor  becomes  larger  and  more  nearly  ovoid  pos- 
teriorly, as  the  ridges  weaken  and  disappear. 

P4.— The  labial  profile  of  P4  (L,  3.7)  is  high  and 
convex  anteriorly  to  the  sixth  or  seventh  serration, 
and  then  slopes  in  a straight  line  posteroventrally. 
The  lower  two-thirds  of  the  anterior  edge  is  straight 
whereas  the  remaining  distance  to  the  first  serration 
is  convex.  The  relative  height  of  the  first  serration 
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Fig.  2 .—Parectypodus  sp.  A.  CM  12108,  left  P4;  labial,  occlusal  and  lingual  views.  B.  CM  12109  (part),  left  P4;  labial  and  lingual  views. 
C.  CM  12109,  left  dentary  with  I,  P4;  labial  view.  Scale  indicates  one  mm. 


is  slightly  less  than  50%  (0.46)  on  both  blades,  and 
there  are  12  (CM  12109)  or  11  (CM  28954)  serra- 
tions, of  which  the  third  is  highest  above  the  line 
for  standard  length.  Ridges  from  the  first  two  ser- 
rations are  weak  and  short,  whereas  the  posterior 
ridges  are  stronger  and  progressively  more  widely 


spaced.  The  ridge  from  the  eighth  serration  is  longest 
and  ends  at  the  dorsal  margin  of  the  exodaenodont 
lobe.  On  CM  28954  the  lingual  ridge  from  the  last 
serration  runs  down  the  posterolingual  border  of  the 
blade  and  ends  at  the  posterior  root.  Both  P4’s  have 
a moderately  developed  posterolabial  ledge  and  a 
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weak,  shallow  anterobasal  depression,  which  on  CM 
28954  leads  to  a faint  groove  on  the  anterior  root. 
The  latter  is  not  exposed  on  CM  12109. 

P4.  — CM  12108  (L,  2.0;  W,  0.7)  has  a cusp  for- 
mula of  3:6.  The  crown  is  gently  arched  in  occlusal 
aspect.  Its  lingual  margin  is  concave,  whereas  the 
labial  border  is  sinuous:  convex  from  the  anterior 
margin  to  the  level  of  the  fourth  medial  cusp,  shal- 
lowly concave  between  the  fourth  and  fifth  cusps, 
and  convex  from  the  fifth  cusp  to  the  posterior  mar- 
gin. In  lateral  view,  the  anterior  profile  of  the  in- 
ternal crest  is  low  and  barely  convex;  it  rises  in  a 
straight  line  to  the  fourth  cusp  and  descends  slightly 
to  the  sixth  cusp.  The  posterior  profile  is  short  and 
concave.  The  first  medial  cusp  is  small.  The  re- 
maining five  are  larger  and  subequal.  The  three  ex- 
ternal cusps  occur  opposite  their  lingual  counter- 
parts and  increase  in  size  from  the  first  to  the  third. 
A tiny  posterobasal  cuspule  occurs  near  the  base  of 
the  posterior  slope. 

Remarks. — The  profile  of  P4  and  the  relative  height 
of  the  first  serration  are  Parectypodus- like  among 
known  neopagiaulacids  (Sloan,  1966,  1981).  On 
these  criteria,  as  well  as  larger  size,  these  two  P4’s 
are  easily  distinguished  from  those  of  E.  tardus.  P4 
also  resembles  that  of  Parectypodus  in  that  the  an- 
terior profile  is  low,  the  antepenultimate  cusp  is 
highest,  and  the  posterior  slope  is  short  and  concave. 
In  size  and  morphology  these  premolars  closely  re- 
semble those  of  a species  of  Parectypodus  that  Sloan 
(1980)  has  identified  from  the  Four  Mile  fauna 
(McKenna,  1960;  Sloan,  1966),  the  Powder  River 
local  fauna  (Delson,  1971),  the  Golden  Valley  For- 
mation (West,  1973),  and  the  lower  Willwood  No 
Water  fauna  (Bown,  1979).  This  species,  P.  childei , 
is  based  on  the  type  material  (2  P4’s)  of  Charles- 
mooria  childei  Kiihne  (1969)  from  Abbey  Wood, 
England,  which,  in  my  opinion,  are  not  Parecty- 
podus- like  and  are  likewise  distinct  from  all  other 
P4’s  assigned  by  Sloan  to  P.  childei.  The  true  affin- 
ities of  C.  childei  as  well  as  the  systematics  of  the 
Parectypodus  material  described  here  and  from  the 
above  North  American  localities  are  under  study 
elsewhere  (Krause,  personal  communication,  1980). 
P4’s  of  this  species  of  Parectypodus  range  in  length 
from  2. 8-3. 8 mm  and  have  9-12  serrations.  P4  of 


P.  simpsoni  Jepsen,  1930,  the  only  other  known 
Wasatchian  species  of  Parectypodus,  is  significantly 
larger  (4.0-4. 5 mm)  and  has  more  serrations  (14). 

Suborder  Taeniolabidoidea  Sloan  and 
Van  Valen,  1965 

Family  Eucosmodontidae  Jepsen,  1940 

Neoliotomus  Jepsen,  1930 
Neoliotomus  ultimus 
(Granger  and  Simpson,  1928) 

Referred  specimen.  — Fragment  of  a dentary  with  P4  and  part 
of  I,  CM  12184. 

Locality.  — CM  150,  Elk  Creek  facies,  Willwood 
Formation,  Wyoming. 

Known  distribution.—  Wasatchian  of  Wyoming 
and  Colorado. 

Description.  — Part  of  the  incisor  is  preserved  and 
exposed  in  the  dentary  below  P4.  It  is  highly  com- 
pressed (depth,  6 mm;  width,  2.1  mm)  and  has  a 
band  of  enamel  that  is  restricted  to  the  lower  one- 
half  and  lower  one-third  of  the  external  and  internal 
surface,  respectively.  In  end  view,  the  external  sur- 
face of  the  incisor  is  convex  and  the  internal  one 
barely  concave. 

P4  (L,  12.2;  W,  3.6)  has  13  serrations  and  a long 
low  profile  that  is  slightly  higher  anteriorly  than 
posteriorly.  In  labial  view  the  occlusal  margin  of  the 
crown  is  arcuate  between  the  top  of  the  anterobasal 
concavity  and  the  first  serration,  virtually  straight 
from  the  first  to  the  seventh  serration,  and  convex 
from  the  latter  to  the  last  serration.  The  last  four 
serrations  are  cusp-like  and  the  posterolabial  ledge 
is  tiny.  The  labial  and  lingual  ridges  from  each  of 
the  first  10  serrations  are  complete,  but  the  eleventh 
ridges  do  not  reach  the  base  of  the  serration.  The 
penultimate  buccal  ridge  is  weak;  the  last  labial  and 
last  two  lingual  ridges  are  absent.  A small,  peg-like 
P3  occurs  below  the  anterobasal  depression  of  P4. 

Remarks.  — P4  is  only  slightly  longer  than  in  the 
type  of  N.  ultimus  and  has  one  less  serration,  where- 
as it  is  significantly  smaller  than  P4  of  N.  conventus. 
N.  ultimus  has  also  been  recorded  from  the  Sand 
Creek  facies  of  the  Willwood  Formation  (Bown, 
1 979),  the  Powder  River  local  fauna  (Delson,  1971), 
and  the  Four  Mile  fauna  (McKenna,  1960). 


CONCLUSIONS 


Two  neoplagiaulacids,  Ectypodus  tardus  and  Pa- 
rectypodus sp.,  and  one  eucosmodontid,  Neolioto- 
mus ultimus,  were  recovered  from  deposits  repre- 


senting the  Elk  Creek  facies  of  the  lower  Willwood 
Formation  — a record  consistent  with  other  early 
Wasatchian  faunas.  E.  tardus  and  the  Tiffanian  E. 
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powelli  may  prove  to  be  conspecific.  Although  Ec- 
typodus  has  not  been  found  in  Bridgerian  faunas,  its 
occurrence  in  certain  late  Eocene  and  early  Oligo- 
cene  ones  indicates  an  artificially  disjunct  record  of 
multituberculate  evolution  in  the  Eocene.  Knowl- 


edge of  the  temporal  extent  and  taxonomic  diversity 
of  Tertiary  multituberculates  will  increase  as  hith- 
erto unsampled  or  poorly  sampled  Eocene  and  Oli- 
gocene  facies  are  discovered. 
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Note  Added  in  Proof 

Since  this  paper  was  reviewed  and  accepted  for  publication  ( 1 980), 
Krause  ( 1 982)  has  published  a systematic  review  of  North  Amer- 
ican Wasatchian  multituberculates.  In  agreement  with  views  pre- 
sented here,  Krause  assigned  Charlesmooria  childei  to  Ectypodus 
(rather  than  Parectypodus,  contra  Sloan,  1981),  and  included  the 
CM  material  of  Parectypodus  sp.  (except  CM  12108)  in  a new 
species,  P.  lunatus\  CM  12 108,  a P4,  was  transferred  to  E.  tardus. 
Also  since  1980,  Stucky  and  Krishtalka  (1982)  have  recorded 


Ectypodus  sp.  cf.  E.  childei  from  Lostcabinian  localities  in  the 

Wind  River  Formation,  northeastern  Wind  River  Basin. 

Krause,  D.  W.  1 982.  Multituberculates  from  the  Wasatchian 
Land-Mammal  Age,  early  Eocene,  of  western  North  Amer- 
ica. J.  Paleont.,  56:271-294. 

Stucky,  R.  K.,  and  L.  Krishtalka.  1982.  Revision  of  the  Wind 
River  faunas,  early  Eocene  of  centra!  Wyoming.  Part  1.  In- 
troduction and  Multituberculata.  Ann.  Carnegie  Mus.,  51: 
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INSECTIVORA,  SCIURIDAE,  AND  CRICETIDAE  FROM  THE  EARLY 
MIOCENE  ROSEBUD  FORMATION  IN  SOUTH  DAKOTA 

James  E.  Martin  and  Morton  Green 


ABSTRACT 


The  small  mammals  in  the  Black  Bear  Quarry  II  local  fauna 
from  the  Rosebud  Formation  increases  the  diversity  of  the  early 
Hemingfordian  fauna.  These  forms  both  include  primitive  rem- 
nants of  Oligocene  stocks  and  herald  the  late  Hemingfordian  and 
Barstovian  faunas.  The  latest  known  occurrence  of  a geolabidid(?) 


is  noted,  a new  hedgehog,  Hibbarderix  obfuscatus,  is  described, 
and  more  Hemingfordian  cricetids  are  included.  The  fauna  also 
adds  to  our  knowledge  environmentally  as  it  appears  to  represent 
a non-riparian  assemblage. 


INTRODUCTION 


The  insectivores  and  rodents  from  the  Black  Bear 
Quarry  II  locality  (SDSM  V671)  in  the  Rosebud 
Formation  are  described  with  some  exceptions.  The 
Talpidae  (with  one  exception)  are  being  studied  by 
J.  H.  Hutchison,  the  Eomyidae  by  M.  A.  Jones,  and 
the  Geomyoidea  by  Morton  Green  and  P.  R.  Bjork. 
The  Lagomorpha  have  been  reported  by  Green 
(1972),  the  Didelphidae  by  Green  and  Martin  (1976) 
and  the  Zapodidae  by  Green  (1977a).  The  described 
specimens  are  mostly  isolated  teeth  with  few  frag- 
ments of  jaws.  This  poor  preservation  introduces 
difficulty  in  some  generic  and  specific  assignments. 
We  have,  therefore,  been  conservative  in  naming 
these  distinctive  but  isolated  elements. 


The  collecting  techniques  and  description  of  this 
locality  have  already  been  described  by  one  of  us 
(Green,  1972).  Acronyms  and  abbreviations  used 
are:  SDSM,  Museum  of  Geology,  South  Dakota 
School  of  Mines  and  Technology;  BBQ  II,  Black 
Bear  Quarry  II  (early  Hemingfordian);  AP,  greatest 
anteroposterior  measurement;  Tr,  greatest  trans- 
verse measurement;  N,  number  of  specimens;  X, 
mean;  SD,  standard  deviation;  C.V.,  coefficient  of 
variation.  Measurements  are  in  millimeters.  Our 
thanks  to  P.  R.  Bjork  and  R.  W.  Wilson  for  sug- 
gestions and  criticisms.  The  drawings  were  made  by 
Merton  C.  Bowman.  John  E.  Storer  and  Larry  D. 
Martin  reviewed  the  manuscript. 


RELATIONSHIP  OF  FAUNA 


This  is  another  contribution  in  an  overall  inves- 
tigation of  the  Miocene  sediments  in  southwestern 
South  Dakota.  The  Black  Bear  Quarry  II  fauna  fits 
stratigraphically  between  two  previously  described 
Miocene  faunas  in  South  Dakota  (Fig.  1).  The  Mon- 
roe Creek  Formation  occurs  below  the  Rosebud 
Formation,  whereas  it  is  overlain  by  the  Batesland 
Formation.  Faunas  have  been  described  from  these 
two  units  by  L.  J.  Macdonald  (1972)  and  J.  E.  Martin 
(1976),  respectively.  One  of  the  four  Batesland  lo- 


calities (Black  Bear  Quarry  I,  SDSM  V672)  is  found 
about  30  m above  the  Rosebud  locality.  It  is  not 
very  surprising  that,  when  the  faunas  from  these  two 
formations  are  compared,  the  fauna  from  BBQ  II  is 
more  like  that  of  Black  Bear  Quarry  I.  BBQ  II  also 
has  genera  in  common  with  other  faunas  described 
from  elsewhere  on  the  Great  Plains,  especially  the 
Martin  Canyon,  Quarry  A fauna  (Wilson,  1960). 
Stratigraphic  relationships  of  some  mid-Tertiary 
formations  are  illustrated  in  Fig.  1 . 


BIOSTRATIGRAPHY  OF  SMALL  MAMMALS  OF  THE  SOUTHWESTERN 

SOUTH  DAKOTA  MID-TERTIARY 


The  occurrence  of  a thick  section  of  Oligocene 
and  Miocene  sediments  in  southwestern  South  Da- 
kota provides  an  opportunity  to  study  a faunal 
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succession  in  a limited  geographic  area.  As  can  be 
noted  in  Fig.  1,  the  composite  section  extends  from 
the  Sharps  Formation  through  the  Batesland  For- 
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(HARKSEN  AND  (RICH  AND 

MACDONALD  1969)  (COOK  1965)  (WILSON  I960)  RASMUSSEN  1973) 
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Fig.  1.  — Relationships  of  some  Mid-Tertiary  formations  on  the  Great  Plains. 


mation.  With  the  exception  of  the  Harrison  For- 
mation, faunas  from  these  units  have  been  described 
by  J.  R.  Macdonald  (1963,  1970),  L.  J.  Macdonald 
(1972),  Green  (1972,  1977a),  Hutchison  (1972),  J. 
E.  Martin  (1976),  and  Green  and  Martin  (1976).  A 
small  collection  of  micromammals  from  the  Har- 
rison Formation  has  been  made  by  us,  but  has  not 
been  completely  evaluated.  Some  elements  are  in- 
cluded in  Table  1,  but  it  must  be  remembered  that 
the  fauna  is  not  as  well  known  as  the  others.  This 
table  gives  some  idea  of  the  biostratigraphic  rela- 
tionships in  a limited  geographic  area.  As  more  in- 
formation becomes  available,  this  list  can  be  ex- 
panded into  other  regions  and  faunal  elements 
revised. 

From  Table  1 it  can  be  noted  that  the  most  prim- 
itive mammal  of  the  faunas,  Peratherium,  ranges 
throughout  the  Oligocene-Miocene  section  in  South 
Dakota,  and  the  Batesland  Formation  represents  its 
highest  known  occurrence.  Of  the  insectivores,  the 
range  of  the  Geolabididae  is  extended  into  the  early 
Hemingfordian.  Antesorex,  Hibbarderix,  and  Wil- 
sonosorex  are  restricted  to  the  Hemingfordian,  but 
representatives  probably  will  be  found  lower  in  the 
section.  Parvericius,  Brachyerix,  and  Scalopoides 
appear  in  the  Monroe  Creek  Formation  and  range 
throughout.  Heterosorex  also  seems  continuous,  but 
has  not  yet  been  identified  from  the  Rosebud  sed- 
iments. Proscalops  evolved  into  Mesoscalops  in  the 
Hemingfordian. 


The  lagomorphs  and  their  relationships  within  the 
region  have  been  discussed  by  Green  (1972)  and 
Martin  (1976).  Most  of  the  more  primitive  de- 
scribed rodents  such  as  Prosciurus,  and  some  aplo- 
dontids  and  mylagaulids  appear  restricted  to  the 
Arikareean.  Promylagaulus  and  Mylagau/odon  have 
been  found  in  the  Rosebud  Formation  (J.  R.  Mac- 
donald, 1970),  but  were  not  found  at  BBQ  II.  Frag- 
mentary aplodontoid  specimens  are  known  from  the 
Batesland  Formation,  but  have  not  yet  been  de- 
scribed. Leidymys,  Paciculus,  Tamias,  and  primi- 
tive eomyids  retaining  Adjidaumo  characteristics 
appear  to  exist  throughout  this  span.  The  Batesland 
Formation  represents  the  last  occurrence  of  the  two 
cricetid  genera  in  this  area.  The  advanced  eomyids, 
such  as  Pseudotheridomys,  appear  in  the  Heming- 
fordian. The  larger  squirrels  and  Plesiosminthus  ap- 
pear in  the  Monroe  Creek  Formation.  The  only  bea- 
ver known  from  thus  far  sampled  Hemingfordian 
deposits  is  an  undescribed  new  genus;  no  beavers 
were  recovered  from  BBQ  II.  Of  course,  with  con- 
tinued investigation,  these  first  and  last  occurrences 
are  subject  to  change. 

Although  the  evidence  is  not  complete,  consid- 
erable modernization  of  the  small  mammal  faunas 
occurred  during  deposition  of  the  Monroe  Creek 
Formation.  Many  first  appearances  including  some 
migrants  from  Eurasia  are  found  together  with  prim- 
itive forms.  However,  when  the  small  mammals 
from  the  Harrison  Formation  are  described,  they 
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will  probably  emphasize  the  Arikareean-Heming-  that  by  the  time  of  Rosebud  deposition,  many  new 
fordian  boundary  as  a time  of  more  extreme  change.  genera  occur. 

This  is  illustrated  in  Table  1 where  it  can  be  seen 

SYSTEMATIC  PALEONTOLOGY 


Order  Insectivora  Bowdich,  1821 
Family  Erinaceidae  Fischer  von  Waldheim,  1817 
Family  Geolabididae  McKenna,  1960 
Geolabididae? 

Genus  and  species  indeterminate 

Fig.  2 

Material.  — SDSM  8702,  right  M1  or  2;  SDSM  8667,  seven 
M1  °r2;  SDSM  8668,  five  M\ 

Description.  — These  molars  resemble  those  of 
other  geolabidids  in  possessing  a strong  stylar  shelf; 
a very  prominent  parastyle;  very  narrow,  anteriorly 
directed  trigon;  absence  of  conules;  and  diminutive 
hypocone,  well  separated  from  the  trigon.  The  para- 
cone  and  metacone  are  closely  appressed,  but  not 
quite  to  the  degree  exhibited  by  other  geolabidids. 
The  stylar  shelf  is  not  indented  between  these  two 
cusps.  The  latter  character  is  unlike  the  condition 
in  most  geolabidids  as  is  the  lack  of  a cingulum 
anterior  to  the  protocone.  Another  difference  from 
later  occurring  species  of  Centetodon  (Lillegraven  et 
al.,  1981)  is  the  presence  of  fused  lingual  roots  sim- 
ilar to  Ankylodon.  Crests  extend  from  the  three  roots 
to  the  center  of  the  tooth  as  is  typical  of  erinaceids 
and  geolabidids.  Most  molars  have  no  ridge  between 
the  metacone  and  protocone  (Fig.  2),  but  two  spec- 
imens possess  this  ridge  as  in  other  described  geo- 
labidids. The  M3’s  differ  slightly  from  the  anterior 
molars.  They  do  not  appear  to  be  as  elongate  trans- 
versely and  are  smaller  (Table  2). 

Discussion.  — With  some  modifications,  these  teeth 
retain  the  very  high  delicate  cusps  characteristic  of 
the  earlier  geolabidids.  An  M2  referred  to  Geolabis 
sp.  from  the  Arikareean  Monroe  Creek  Formation 
(L.  J.  Macdonald,  1972:17)  and  a mandible  with 
M2-M3  from  the  early  Arikareean  Middlebranch  l.f. 
(Voorhies,  1 973:5)  are  stratigraphically  the  youngest 
geolabidids  heretofore  recorded.  Unfortunately  some 
of  the  important  characters  of  the  M2  were  not  pre- 
served. The  nature  of  the  hypocone  and  of  the  in- 
ternal roots  cannot  be  precisely  determined.  It  does 
appear  that  a hypocone  was  present,  however,  and 
possibly  an  anterior  cingulum.  The  roots  were  prob- 
ably divided.  Therefore,  on  the  Rosebud  specimens 
the  two  lingual  roots,  the  anterior  cingulum,  and 
external  notching  of  the  stylar  shelf  are  absent.  The 


paracone  and  metacone  becoming  slightly  more  sep- 
arated are  unique  features.  These  characters  are  dis- 
tinct enough  to  justify  a new  genus,  but  the  lack  of 
more  definitive  material,  especially  lower  teeth,  pre- 
vents us  from  proposing  a name  at  this  time. 

These  characters  pose  some  questions  as  to  the 
derivation  of  this  species  from  the  Oligocene  geo- 
labidid  stock.  Perhaps  by  early  Hemingfordian  a 
hedgehog  had  evolved  from  the  Geolabididae  pos- 
sessing these  characters.  Alternatively,  these  teeth 
may  be  those  of  a unique  insectivore  and  not  a 
member  of  the  Geolabididae.  The  fused  roots  tend 
to  support  this  alternative,  perhaps  indicating  a 
hedgehog  paralleling  the  structure  of  earlier  geola- 
bidids. Other  specimens  must  be  found  before  either 
hypothesis  can  be  substantiated.  All  that  can  now 
be  stated  with  certainty  is  that  these  teeth  are  mor- 
phologically most  similar  to  species  of  Geolabidi- 
dae. 

Family  Erinaceidae,  Fischer  von  Waldheim,  1817 
Subfamily  Erinaceinae  Gill,  1872 

Hibbarderix , new  genus 
Hibbardetrix  obfuscatus , new  species 
Figs.  3-8 

Etymology.  — For  C.  W.  Hibbard,  in  recognition  of  his  pi- 
oneering efforts  in  screen  washing,  the  method  used  in  the  re- 
covery of  these  specimens  and  for  his  many  other  contributions 
to  the  science  of  vertebrate  paleontology;  plus  L.  ericius,  hedge- 
hog: L.  ob,  toward;  L.  fuscare,  to  darken. 

Type.  — SDSM  8703,  right  M1;  AP  1.87,  Tr  2.40. 

Hypodigm.—  SDSM  8673,  three  P3;  SDSM  8674,  SDSM  8701, 
P4;  SDSM  8675,  nine  M1;  SDSM  8676,  fifteen  M2  (two  broken); 
SDSM  8677,  two  M3;  SDSM  8669,  fragment  of  left  mandible 
with  alveoli  for  I,  antemolar  1,  P2,  and  P3,  P4-M,  (broken);  SDSM 
8670,  eleven  M,;  SDSM  8671,  eleven  M2;  SDSM  8672,  eleven 
small  M2  (questionably  referred). 

Diagnosis.  — M'-M2:  small  with  delicate  cusps; 
molars  wider  transversely  than  long;  prominent 
metaconule;  no  paraconule;  no  external  notching  of 
the  wide  stylar  shelf;  robust  hypocone  with  cingu- 
lum surrounding  the  base  resulting  in  a quadrate 
tooth  outline  of  M1.  M,-M2:  anteroposteriorly  com- 
pressed trigonid  with  high  slender  cusps;  no  hypo- 
conulid;  deeply  incised  paralophid  and  protolophid 
on  unworn  M,. 
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Description.  — The  upper  molars  are  most  diag- 
nostic for  this  genus.  The  lower  teeth  are  conser- 
vative and  difficult  to  use  in  a generic  differentiation. 
This  was  noted  by  Rich  and  Rasmussen  (1973)  when 
they  regarded  compression  of  the  trigonid  as  im- 
portant in  separation  of  some  of  their  species.  With 
Hibbarderix  it  is  the  upper  teeth  which  are  most 
distinctive  and  significant.  Both  upper  and  lower 
molars  possess  interradicular  crests. 

P3  is  four-cusped  with  the  paracone  dominant. 
The  parastyle  is  well  developed  and  the  metastyle 
is  a prominent  ridge  directed  posteriorly  from  the 
paracone.  The  protocone  is  normally  a distinct  con- 
ical cusp.  On  P4  the  paracone  and  metastyle  form 
an  external  blade.  A parastyle  may  be  present  or  a 
small  cingulum  takes  its  place  at  the  base  of  the 
paracone.  The  protocone  and  hypocone  appear  as 
cuspules  on  the  anterior  edge  of  the  large,  internal 
shelf.  M!  possesses  a large  external  shelf  (stylar  shelf). 
There  is  a distinct  parastyle,  whereas  the  metastyle 
is  connected  to  the  metacone  by  a long,  blade-like 
ridge.  Most  distinctive  is  the  metaconule;  the  para- 
conule  is  absent.  The  protocone  is  a pointed,  V-shaped 
cusp  connected  via  a single  crest  to  the  conical  hy- 
pocone. The  anterior  arm  or  crest  of  the  protocone 
extends  to  the  base  of  the  paracone.  There  appears 
to  be  some  tendency  for  anterior  intersection  but  it 
never  reaches  the  parastyle.  The  tooth  has  a quad- 
rate shape  as  a result  of  the  well  developed  anterior 
and  posterior  cingula.  M2  is  similar  to  M1  except 
that  it  is  more  triangular  in  outline,  and  the  external 
shelf  is  smaller,  especially  the  metastyle  blade.  The 
small  M3  specimens  possess  three  cusps  in  a trans- 
verse line  similar  to  M3  of  Parvericius. 

P4  has  a prominent  paraconid  and  protocomd,  but 
the  metaconid  and  talonid  are  reduced.  A mental 
foramen  is  present  beneath  this  double  rooted  tooth. 
The  trigonid  of  the  M,  is  anteroposteriorly  com- 
pressed, but  a deep  extensive  trigonid  basin  is  pres- 
ent due  to  deep  V-shaped  cuts  in  the  paralophid  and 
protolophid.  The  incision  of  the  paralophid  is  acute 
in  unworn  specimens.  The  cutting  edge  of  the  par- 
alophid blade  from  the  incision  to  the  paracone  has 
an  undulatory  outline  from  a labial  view.  The  tal- 
onid basin  is  very  deep  and  wide.  A high  pointed 
entoconid  dominates  the  V-shaped  hypoconid.  The 
external  cingulum  is  usually  weak.  M2  is  similar  to 
Ms,  but  the  talonid  appears  shortened  relative  to 
the  trigonid.  Measurements,  SDSM  8669:  P4,  AP 
1.35;  Tr  1.00.  M„  AP  2.30;  Tr  1.35.  Depth  of  jaw 
below  posterior  root  of  P4,  2.6. 

Discussion.  — Morphologically,  Hibbarderix  is 


Table  1.— Small  mammals  from  the  South  Dakota  Mid-Ter- 
tiary. ' 

Formation 

Monroe 

Sharps  Crk.  Harrison  Rosebud  Batesland 
Taxa  117.4  m 27.4  m 39.0  67.0  m 14.0  m 

Marsupialia: 

Peratherium  

Insectivora: 

Geolabididae  

Plesiosorex  

Ocajila  

Amphechinus  

Hibbarderix  

Parvericius  

Brachyerix  

Domnina  

Heterosorex  

Wilsonosorex  

Antesorex  

Proscalops  

Mesoscalops  

Quadrodens  

Mystipterus  

Scalopoides  

?Uropsilinae  

Primates: 

Ekgmowechashala  

Lagomorpha: 

Gripholagomys  

Palaeolagus  

Archaeolagus  

Hypolagus  

IMegalagus  

Rodentia: 

Prosciurus  

Downsimus  

A llomy s 

Meniscomys  

Niglarodon  

Promylagaulus  

Mylagaulodon  

Protosciurus  

Tamias  

Miospermophilus  

Protospermophilus  

Palaeocastor  

Capatanka  

Capacikala  

Castoridae  (new 

genus)  

Eutypomys  

Eomyidae  (primitive)  

Pseudotheridomys  

Eomyidae  (large)  

Geomyoidea  

Leidymys  

Paciculus  

Cricetidae  (small)  ? — 

Plesiosminthus  

1 Solid  lines  indicate  presence  in,  not  distribution,  within  formation.  Dashed  line 

indicates  presumed  presence.  Thickness  given  in  meters. 
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Figs.  2-8.  — 2)  Geolabididae?,  SDSM  8702,  right  M'  or  M2.  3)  Hibbarderix  obfuscatus,  SDSM  8701,  right  P4.  4)  Hibbarderix  obfuscatus, 
SDSM  8703,  right  M',  holotype.  5)  Hibbarderix  obfuscatus,  SDSM  8676,  right  M2.  6)  Hibbarderix  obfuscatus,  SDSM  8669,  crown  view 
of  left  lower  teeth  (P4-M,).  7)  Hibbarderix  obfuscatus,  SDSM  8669,  lateral  view  of  left  lower  jaw.  8)  Hibbarderix  obfuscatus,  SDSM 
8670,  right  M,.  Scale  = 1 mm. 


most  similar  to  Stenoechinus  Rich  and  Rasmussen, 
1973.  Hibbarderix  exhibits  the  anteroposteriorly- 
compressed  trigonid  of  the  lower  molars,  delicately 
constructed  cusps,  and  greater  width  of  M1  com- 
pared to  its  length.  It  can  be  differentiated  from  this 
genus  by:  the  presence  of  a metaconule  on  M'-M2, 
no  indentation  of  external  shelf  on  M',  more  quad- 
rate tooth  outline  of  M1  due  to  a better  developed 
posterior  cingulum,  a deep  and  acutely  notched  par- 
alophid  on  M,,  and  a somewhat  more  compressed 
trigonid.  The  degree  of  this  last  character  varies 
somewhat,  but  overall  it  appears  valid. 

Hibbarderix  can  be  distinguished  from  all  other 


hedgehogs  on  the  basis  of  size  and  the  presence  of 
a metaconule  on  M1  and  M2.  The  only  genera  of 
hedgehogs  described  in  the  North  American  Hem- 
ingfordian  and  Barstovian  as  possessing  a metaco- 
nule are  Meterix,  Plesiosorex,  and  Lantanotherium. 
Recently,  Green  (19776)  placed  Meterix  in  the  syn- 
onymy of  Plesiosorex.  Compared  with  Plesiosorex, 
Hibbarderix  is  much  smaller  and  more  delicate.  The 
upper  molars  of  Hibbarderix  are  distinctive  in  pos- 
session of  a wide  external  shelf,  no  medial  inden- 
tation of  the  shelf,  lack  of  cuspate  styles,  and  a square 
tooth  outline  of  M1.  The  lower  molars  of  Hibbar- 
derix do  not  possess  a hypoconulid,  and  the  position 
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Figs.  9-15.  — 9)  cf.  Parvericius  species,  SDSM  8678,  right  M1.  10)  cf.  Parvericius  species,  SDSM  8704,  right  M'.  11)  Wilsonosorex 
species,  SDSM  868 1 , right  M1.  12)  Wilsonosorex  species,  SDSM  868 1 , right  M1.  13)  Wilsonosorex species  868 1 , left  M,.  14)  Uropsilinae?, 
SDSM  8700,  left  M1,  crown  view.  15)  Uropsilinae?,  SDSM  8700,  left  M1,  lingual  view.  Scale  = 1 mm. 


of  the  mental  foramen  differs  from  the  American, 
but  not  European  species.  Lantanotherium  is  unique 
due  to  lack  of  a distinct  paraconid  on  M,,  no  stylar 
shelf  on  the  upper  molars,  and  the  greater  devel- 
opment of  M2-M3. 

Hibbarderix,  like  Stenoechinus,  differs  from  most 
Old  World  erinaceines  by  a greater  transverse  width 
of  M1  compared  with  its  length,  combined  with  the 
compressed  M,  trigonid.  Of  the  Miocene  genera, 
Amphechinus  and  Mioechinus  differ  in  having  only 
a faint  metaconule  and  external  notching  of  M1. 

Hibbarderix  provides  another  indication  of  the 
diversity  of  early  Miocene  hedgehogs.  The  meta- 
conule on  M‘-M2  could  suggest  a primitive  member 
of  this  group,  indicating  survival  of  a primitive  line, 


or  perhaps  the  conule  is  a newly  acquired  character. 
The  former  suggestion  might  be  the  more  likely  be- 
cause the  Arikareean  genus  Ocajila  Macdonald  from 
the  Cabbage  Patch  beds  of  Montana,  possesses 
metaconules  (Rasmussen,  in  preparation).  How- 
ever, the  Montana  genus  differs  from  Hibbarderix 
in  possessing  both  a metaconule  and  paraconule  on 
M‘-M2,  a well  formed  paracone  and  hypocone  on 
P4,  a triangular  M3,  and  a reduced  paraconid  on  Mr 
M2.  More  species  of  late  Arikareean  and  early  Hem- 
ingfordian  erinaceines  must  be  found  before  the 
phylogenetic  position  of  Hibbarderix  can  be  sub- 
stantiated. 

In  this  regard,  there  is  another  occurrence  of  this 
genus.  While  the  publication  concerning  the  small 
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Table  2 . — Geolabididae?  Genus  and  species  indeterminate. 


Measurement 

N 

Observed 

range 

Mean 

SD 

c.v. 

SDSM  8667  M1 

or  M2 

AP 

4 

1.62-1.80 

1.76 

±0.09 

5.1 1 

Tr 

7 

2.01-2.38 

2.20 

±0.13 

5.91 

SDSM  8668  M3 

AP 

4 

1.05-1.39 

1.25 

±0.14 

11.20 

Tr 

4 

1.50-1.78 

1.70 

±0.13 

7.65 

mammals  from  the  Batesland  Formation  (Martin, 
1976)  was  in  press,  Martin  had  the  opportunity  to 
study  the  types  of  Parvericius  montanus  Koerner 
and  Stenoechinus  tantalus  Rich  and  Rasmussen. 
This  examination  showed  that  the  Batesland  species 
of  hedgehog  was  not  referable  to  Parvericius,  but  to 
Hibbarderix.  The  Batesland  species  is  close  to  H. 
obfuscatus,  but  appears  to  have  more  massive  cusps. 
Also,  if  the  P4  from  Flint  Hill  North  belongs  to 
Hibbarderix,  it  has  a better  developed  parastyle  and 
hypocone  than  H.  obfuscatus.  This  tooth  appears 
somewhat  large  for  the  other  erinaceine  teeth,  but 
is  much  smaller  than  those  of  Plesiosorex  colora- 
densis  from  the  same  quarry.  Perhaps  this  tooth 
represents  a third  hedgehog  occurring  in  the  Bates- 
land Formation.  Storer  (1975),  described  Parveri- 
cius from  the  Wood  Mountain  fauna.  It  is  an  eri- 
naceid  with  a metaconule.  This  specimen  may  be 


Table  3.  — Hibbarderix  obfuscatus. 


Museum  no., 
tooth 

Mea- 

sure- 

ment 

N 

Observed 

range 

Mean 

SD 

c.v. 

SDSM  8670,  M, 

AP 

9 

2.10-2.30 

2.19 

±0.09 

4.11 

Tr 

9 

1.20-1.50 

1.38 

±0.10 

7.25 

SDSM  8671,  M2 

AP 

9 

1.75-2.09 

1.91 

±0.13 

6.81 

Tr 

10 

1.09-1.38 

1.21 

±0.1 1 

9.09 

SDSM  8672,  M2 

AP 

10 

1.45-1.62 

1.56 

±0.05 

3.21 

Tr 

8 

0.99-1.20 

1.06 

±0.08 

7.55 

SDSM  8673,  P3 

AP 

3 

1.00-1.15 

1.05 

±0.09 

8.57 

Tr 

3 

1.12-1.35 

1.23 

±0.12 

9.76 

SDSM  8674,  P4 

AP 

1 

1.85 

Tr 

1 

1.89 

SDSM  8675,  M' 

AP 

8 

1.89-2.05 

1.96 

±0.06 

3.06 

Tr 

8 

2.10-2.65 

2.42 

±0.18 

7.44 

SDSM  8676,  M2 

AP 

12 

1.49-1.75 

1.61 

±0.09 

5.59 

Tr 

12 

1.85-2.20 

2.04 

±0.12 

5.88 

SDSM  8677,  M3 

AP 

2 

1.15-1.18 

1.17 

±0.02 

1.71 

Tr 

2 

0.58-0.65 

0.62 

±0.05 

8.06 

Table  4 ,—cf  Parvericius  species. 


Museum  no., 
tooth 

Mea- 

sure- 

ment 

N 

Observed  range 

Mean 

SD 

c.v. 

SDSM  8679,  M1 

AP 

3 

2.00-2.40 

2.24 

±0.20 

8.93 

Tr 

4 

2.85-3.40 

3.08 

±0.27 

8.77 

SDSM  8679,  M2 

AP 

1 

1.91 

Tr 

1 

2.70 

SDSM  8680,  M, 

AP 

2 

2.40-2.85 

2.63 

±0.32 

12.17 

Tr 

2 

1.60-1.75 

1.68 

±0.1 1 

6.55 

referable  to  Hibbarderix,  which,  if  it  is,  extends  the 
range  of  the  genus  into  the  Barstovian. 

cf.  Parvericius  species 
Figs.  9,  10 

Material.  — SDSM  8678,  M1;  SDSM  8679,  two  M1,  one  M2; 
SDSM  8704,  nght  M1;  SDSM  8680,  one  M,,  one  M2. 

Discussion.  —These  teeth  resemble  those  de- 
scribed by  Koerner  (1 940)  and  Rich  and  Rasmussen 
(1973)  for  Parvericius  montanus  Koerner.  They  are 
larger  (Tables  3-4),  more  robust,  and  do  not  possess 
metaconules  as  does  Hibbarderix,  the  other  erina- 
ceine from  the  locality.  The  upper  molars  have  a 
wide  external  shelf,  which  possesses  a distinctive 
notch  between  the  paracone  and  metacone.  An  ex- 
ternal cingulum  is  present.  The  trigon  is  narrower 
than  that  of  P.  montanus,  and  the  metaloph  is  poor- 
ly developed.  On  SDSM  8678,  it  does  not  reach  to 
the  base  of  the  metacone,  but  only  half  the  distance 
from  the  protocone  to  the  metacone.  At  this  point, 
it  joins  a crest  originating  from  the  hypocone.  This 
results  in  a posteriorly  sloping  plane  from  the  trigon 
basin  to  the  posterior  cingulum.  The  anterior  crest 
of  the  protocone  runs  toward  the  parastyle,  rather 
than  the  paracone.  The  hypocone  is  well  developed 
on  the  M2,  and  the  internal  roots  are  fused  on  the 
M1  and  M2.  The  two  lower  molars  are  similar  to  the 
descriptions  given  for  those  of  P.  montanus  except 
for  the  talonid  of  the  M,  which  appears  to  be  antero- 
posteriorly  compressed.  Interradicular  crests  are 
present  between  the  roots  of  the  upper  molars. 

Table  5.  — Wilsonosorex  species  (SDSM  8681). 


Measurements 


Tooth 

AP 

Tr 

M1 

a 

broken 

2.40 

b 

1.91 

2.25 

M, 

2.15 

1.8 
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The  large  robust  nature  of  the  teeth  and  the  prom- 
inent hypocone  of  M2  point  to  an  affinity  with  Par- 
vericius.  However,  the  narrow  trigon,  delicate  meta- 
loph,  and  indented  stylar  shelf  are  unlike  P.  mon- 
tanus.  Probably  another  species  of  Parvericius  is 
represented,  but  we  do  not  have  enough  material  to 
name  the  species. 

Comments  on  the  erinaceines.  — The  genera  oc- 
curring in  the  Arikareean  Cabbage  Patch  beds  of 
Montana  are:  Stenoechinus,  Amphechinus,  Parver- 
icius, and  one  genus  of  undetermined  affiliation.  Al- 
though Amphechinus  is  known  in  South  Dakota  from 
the  Monroe  Creek  Wounded  Knee  fauna,  it  is  absent 
in  the  BBQ  II  collection.  Parvericius  is  common  to 
both  states,  but  Stenoechinus  is  absent  in  South  Da- 
kota. Hibbarderix,  so  far,  is  known  only  from  BBQ 
II,  the  Batesland  Formation  and  possibly  the  Wood 
Mountain  Formation. 

Family  Soricidae  Gray,  1821 
Subfamily  Heterosoricinae  Viret  and 
Zapfe,  1951 

Wilsonosorex  J.  E.  Martin,  1978 

Wilsonosorex  species 
Figs.  11-13 

Material.  — SDSM  8681,  two  right  M1  and  one  right  M,. 

Description.—  One  upper  molar  is  worn  and  on 
the  other  the  protocone  and  hypocone  are  broken. 
Even  with  this  poor  preservation,  some  characters 
are  obvious.  For  instance,  the  mesostyle  is  well  di- 
vided even  with  wear,  a quadrate  shape  is  apparent, 
and  there  are  peaks  of  enamel  in  the  metaconule 
and  paraconule  positions.  These  characters  suggest 
affinities  with  Wilsonosorex  from  the  Batesland  For- 
mation and  from  Quarry  A in  Colorado  (Martin, 
1978).  However,  the  conules  are  not  separated  by 
distinct  valleys  from  the  protocone,  and  it  cannot 
be  determined  whether  the  paraconule  is  doubled 
as  it  is  in  the  Batesland  and  Colorado  species.  It  is 
larger,  higher  cusped,  and  less  quadrate  than  W. 
bateslandensis.  It  is  most  similar  to  W.  conulatus 
from  Quarry  A,  but  differs  in  less  anteroposterior 
compression  of  the  cusps  as  well  as  the  less  distinct 
conule  mentioned  above. 

M,  is  very  robust  with  a high  trigonid  and  shallow 
trigonid  valley.  The  paraconid  is  a ridge,  rather  than 
a distinct  cusp.  The  talonid  is  broad,  and  the  hy- 
poconid  is  V-shaped.  The  hypolophid  is  confluent 
with  the  entoconid,  and  a cingulum  surrounds  all 
but  the  inner  side. 


Discussion.  — M,  is  unlike  those  lower  molars  re- 
ferred to  either  W.  bateslandensis  or  W.  conulatus 
on  the  bases  of  large  size,  robust  nature,  and  high 
trigonid.  These  characters  might  indicate  that  M, 
represents  a different  heterosoricine  genus  than  the 
upper  teeth.  However,  until  more  and  better  spec- 
imens are  obtained,  it  is  uncertain  whether  these 
teeth  represent  a generic  unit  or  are  mixed.  The 
upper  teeth  do  resemble  most  closely  species  from 
Colorado  and  the  Batesland  Formation.  They  might 
represent  a third  species  of  the  genus. 

The  Hemingfordian  appears  to  reflect  a great  het- 
erosoricine diversity.  Heterosorex  and  Wilson- 
osorex are  now  known  and  perhaps  Dinosorex  En- 
gesser  can  be  differentiated  from  Heterosorex. 
Dinosorex  has  been  diagnosed  in  Europe  (Engesser, 
1972,  1975)  as  exhibiting  a divided  masseteric  fossa, 
the  posterior  arm  of  the  hypoconid  (hypolophid) 
confluent  with  the  entoconid,  a quadrate  shaped  P4, 
divided  mesostyle,  and  well  developed  internal  cusps 
on  the  upper  molars.  From  the  Batesland  Forma- 
tion, both  an  M,  with  a confluent  entoconid  and 
one  without  exist.  The  only  upper  tooth  appears  to 
be  Heterosorex.  In  the  better  sample  from  Quarry 
A (Wilson,  1960),  however,  only  lowers  with  con- 
fluent entoconids  are  known,  and  the  masseteric  fos- 
sae are  divided  as  in  Dinosorex.  The  uppers,  on  the 
other  hand,  do  not  have  a divided  mesostyle  or  well 
formed  inner  cusps  as  might  be  expected  if  they  were 
Dinosorex.  The  P4  is  somewhat  quadrate,  but  not 
to  the  degree  illustrated  by  Engesser.  At  Quarry  A 
it  appears  there  is  a mixing  of  diagnostic  characters. 
This  might  only  indicate  that  the  European  diag- 
noses cannot  be  used  in  North  America,  but  more 
information  from  the  Hemingfordian  is  required. 

Subfamily  Soricinae  Murray,  1866 
Antesorex  species  cf.  A.  compressus  (Wilson) 

Material.  — SDSM  8682,  fragment  of  right  mandible  with  bro- 
ken M„  complete  M2,  and  broken  M3;  SDSM  8683,  fragment  of 
right  mandible  with  M2-M,. 

Discussion. — These  molars  compare  favorably 
with  those  of  A.  compressus  from  Quarry  A (Wilson, 
1960)  and  Antesorex  sp.  from  the  Batesland  For- 
mation (Martin,  1976).  The  primary  differences  from 
the  type  of  A.  compressus  are  the  slightly  larger  ro- 
bust trigonids  and  shallower  talonid  basins.  Unfor- 
tunately, the  talonid  is  worn  or  broken  in  M3  of  both 
specimens. 

Although  these  teeth  do  not  appear  quite  so  del- 
icate as  those  from  Quarry  A and  the  Batesland 
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Table  6.  — Antesorex  species  cf.  A.  compressus. 


Measurements 

Tooth 

AP 

Tr 

SDSM  8682 

M, 

broken 

0.90 

Mj 

1.35 

0.80 

m3 

0.91 

0.40 

SDSM  8683 

m2 

1.21 

0.90 

m3 

1.00 

0.40 

Formation,  they  are  additional  evidence  showing 
the  faunal  similarities  of  the  three. 

Family  Talpidae  Gray,  1825 
Subfamily  Uropsilinae?,  Dobson,  1883 
Figs.  14,  15 

Description.  — SDSM  8700,  a left  M1.  On  this  un- 
usual tooth  the  paracone  and  metacone  are  ex- 
tremely high.  The  metastyle  is  broken  off;  the  meso- 
style  is  rounded  and  undivided.  The  paracone  is  a 
posterobuccally  directed  blade  lacking  an  anterior 
projection  to  the  parastyle.  Thus  the  ectoloph  does 
not  form  a complete  W as  the  anterior  arm  of  the 
paracone  is  absent.  The  parastyle  is  very  low  on  the 
tooth,  below  the  paracone.  The  metaconule  is  more 
a shelf-like  extension  of  the  posterad  slope  of  the 
protocone  than  a cusp.  This  metaconule  flange  turns 
buccally  and  wraps  around  the  lingually  projecting 
base  of  the  metacone.  An  enamel  ridge  caps  the 
protocone  and  descends  to  the  metaconule  where  it 
broadens  into  a cingulum  that  defines  the  rim  of  the 
flange.  This  is  the  only  cingulum  on  this  tooth.  A 
strong  posterior  broadly  open,  V-shaped  embay- 
ment  is  present.  There  is  a single  internal  root  which 
interestingly  enough,  has  a faint  crest,  which  extends 
to  a bulge  in  the  middle  of  the  tooth.  Another  crest 
originates  from  the  metaconal  root  but  fades  just 
posterior  to  the  central  bulge.  These  characters  in- 
dicate the  presence  of  still  another  new  genus  of 
insectivore  in  the  BBQ  II  fauna.  AP,  2.01;  Tr  2.15. 

Discussion.  — This  strange  upper  molar  resembles 
soricid  molars  in  its  high  sharp  cusps  and  posterior 
extension  of  the  inner  tooth  shelf.  It  resembles  the 
M1  of  the  desmanine  talpid  Asthenoscaptor  Hutch- 
ison (1974)  and  the  uropsilines  in  its  deep  posterior 
embayment,  deeply  indented  but  undivided  meso- 
style,  and  absence  of  a paracrista.  It  is  unlike  As- 
thenoscaptor and  the  Uropsilinae  in  the  cusp  height 
and  the  paraconule  is  more  prominent  on  the  former 
than  in  SDSM  8700.  The  parastyle  is  more  pro- 


nounced as  is  the  posterior  extension  of  the  cingu- 
lum. The  latter  character  is  so  advanced  as  to  remind 
one  of  Sorex,  but  no  true  hypocone  exists,  so  we 
regard  it  as  a parallel  structure. 

Although  this  species  is  represented  by  only  a 
single  tooth,  it  displays  many  of  the  salient  features 
of  the  insectivore.  Fortunately,  the  specimen  is  an 
unworn  M1;  the  morphology  of  this  tooth  has  been 
often  used  in  differentiating  the  Insectivora.  There- 
fore, we  have  a solid  basis  for  believing  that  we  are 
dealing  with  a new  form.  Exactly  to  which  talpid 
group  it  belongs  is  a different  matter.  The  inden- 
tation of  the  posterior  margin  of  the  M1  was  cited 
by  Hutchison  (1968:14)  as  diagnostic  of  the  Uro- 
psilinae. However,  in  1974  with  the  description  of 
Asthenoscaptor,  the  same  author  noted  that  the  Des- 
maninae  may  show  the  posterior  enlargement  of  the 
metaconular  flange  with  subsequent  concavity  be- 
tween it  and  the  ectoloph.  It  is  possible,  therefore, 
that  the  Rosebud  specimen  is  a representative  of  the 
Desmaninae,  a consideration  not  very  surprising 
since  the  Desmaninae  were  previously  thought  to 
exist  in  North  America  (Shotwell,  1956).  However, 
Hutchison  (1968)  and  Wilson  (1960)  have  proved 
that  the  Uropsilinae  do  occur  in  North  America,  so 
assignment  to  this  subfamily  seems  more  practical 
at  this  stage.  Known  uropsiline  molars  of  Mystip- 
terus  are  smaller,  and  it  appears,  more  brachydont 
than  this  highly  sectorial  tooth.  This  probably  re- 
flects a divergent  uropsiline  line  attaining  extreme 
hypsodonty  in  the  Miocene. 

Order  Rodentia  Bowdich,  1821 
Family  Sciuridae  Gray,  1821 

Tamms' ? species 

Material.  — SDSM  8699,  P4;  SDSM  8697,  two  P4;  SDSM  8698, 
one  lower  molar. 

Description.  — These  teeth  are  worn.  They  are 
placed  here  primarily  because  of  their  small  size. 
The  upper  premolar,  although  worn,  shows  some 
hint  of  a metaconule  as  in  the  Tamias  from  the 
Sharps  Formation  (Black,  1963).  One  P4  is  mod- 
erately worn  so  the  trigonid  can  be  observed.  The 
metaconid  and  protoconid  are  closely  appressed  and, 
in  conjunction  with  a very  small  anteroconid,  they 
form  a trigonid  basin.  No  mesoconid  or  mesostylid 
exists.  The  lower  molar  has  a well  developed  tri- 
gonid basin  and  no  mesoconid. 

The  small  anteroconid  and  trigonid  basin  devel- 
opment are  unlike  any  other  described  specimens 
of  Tamias  P4.  This  makes  reference  hypothetical. 
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Perhaps  these  teeth  represent  another  form,  but  bet- 
ter material  is  needed  for  substantiation.  Measure- 
ments, SDSM  8699,  P4,  AP=1.10;  Tr=1.20. 
SDSM  8697,  AP;  N = 2,  observed  range  = 1.20, 
X=  1.20;  Tr:  observed  range  = 1.02-1.09,  X = 
1.06.  SDSM  8698,  M,  or  M2,  AP  = 1.29;  Tr  = 1.00. 

cf.  Miospermophilus  species  Black,  1963 

Material.  — SDSM  8694,  five  P4;  SDSM  8695,  four  M1  or  M2; 
SDSM  87  ID,  left  M1  or  M2;  SDSM  8696,  two  M3;  SDSM  8691, 
four  P„;  SDSM  8692,  six  M,  or  M2;  SDSM  8711,  right  M,  or  M2; 
SDSM  8693,  four  M3. 

Description.—  The  lower  premolar  is  similar  to 
that  of  Miospermophilus  in  its  small  size  (Table  7), 
poorly  developed  entoconid,  and  lack  of  mesoconid 
and  mesostylid.  The  anterior  portion  does  show 
some  difference.  In  two  specimens,  no  anteroconid 
is  present.  It  appears  in  another,  which  may  be  de- 
ciduous, and  the  fourth  is  broken.  A distinct  me- 
talophid  is  not  developed. 

Lower  M,  or  M2  has  a small  trigonid,  normally 
with  an  enclosed  basin.  There  is  some  variation  in 
the  completeness  of  the  metalophid.  Variation  also 
appears  in  the  presence  of  a mesoconid  and  meta- 
stylid.  The  entoconid  is  usually  well  formed. 

M3  does  not  have  a trigonid  basin  and  the  ento- 
conid is  incorporated  into  the  posterolophid.  No 
mesoconid  or  mesostylid  is  present. 

The  upper  premolar  and  M1  or  M2  are  small  and 
delicate.  The  protoloph  and  metaloph  are  subpar- 
alleljoining a transversely  expanded  protocone.  An- 
terior and  posterior  cingula  are  well  developed  with 
the  anterior  being  the  more  prominent.  They  make 
an  abrupt  change  of  direction  before  joining  the  pro- 
tocone. This  results  in  a more  quadrate  shaped  tooth 
outline.  Mesostyles  may  be  present,  but  are  usually 
small.  There  are  no  protoconules  or  metaconules. 
The  anterior  cingulum  of  M3  is  weakly  developed, 
the  metaloph  is  complete,  and  a mesostyle  appears 
on  the  unworn  specimen. 

Discussion.—  These  teeth  are  smaller  and  more 
delicate  than  those  of  M.  bryanti  (Wilson)  from 
Quarry  A or  of  M.  wyomingensis  Black  from  Split 
Rock.  They  are  closer  in  size  to  “cf.  Miospermoph- 
ilus sp.”  from  the  Batesland  Formation  (Martin, 
1976).  They  differ  from  M.  bryanti  in  having  a better 
developed  entoconid  and  the  presence  of  mesocon- 
ids  on  the  lower  molars,  and  the  lack  of  metaconules 
on  the  upper  molars.  They  differ  from  M.  wyom- 
ingensis in  having  a better  developed  entoconid,  a 
curved  anterior  cingulum  on  the  trigonid,  usually  a 
complete  metalophid,  subparallel  lophs,  lack  of  a 


Table  1 .—cf.  Miospermophilus. 


Museum  no., 
tooth 

Mea- 

sure- 

ment 

N 

Observed 

range 

Mean 

SD 

c.v 

SDSM  8691,  P4 

AP 

4 

1.32-1.45 

1.39 

±0.05 

3.60 

Tr 

4 

1.01-1.30 

1.21 

±0.13 

10.74 

SDSM  8692, 

AP 

6 

1.38-1.52 

1.47 

±0.06 

4.08 

M,  or  M, 

Tr 

7 

1.30-1.69 

1.54 

±0.14 

6.49 

SDSM  8693,  M3 

AP 

5 

1.50-1.80 

1.61 

±0.12 

7.45 

Tr 

5 

1.58-1.79 

1.65 

±0.08 

4.85 

SDSM  8694,  P4 

AP 

5 

1.25-1.42 

1.35 

±0.07 

5.19 

Tr 

5 

1.40-1.60 

1.47 

±0.08 

5.44 

SDSM  8695, 

AP 

5 

1.51-1.60 

1.56 

±0.05 

3.21 

M1  or  M2 

Tr 

5 

1.79-1.91 

1.86 

±0.04 

2.15 

SDSM  8696,  M3 

AP 

1 

1.61 

Tr 

1 

1.70 

metaconule,  and  a mesostyle  in  M3.  The  teeth  are 
more  like  those  from  the  Batesland  Formation,  but 
differ  in  that  the  upper  premolar  does  not  possess  a 
metaconule  and  the  lophs  are  not  V-shaped.  They 
differ  from  Miospermophilus  species  of  the  Vedder 
locality,  Hemingfordian,  Santa  Barbara  County, 
California  (Hutchison  and  Lindsay,  1974)  in  sub- 
parallel lophs  in  the  upper  molars  and  poorly  de- 
veloped entoconid  on  P4. 

This  form  might  represent  a new  genus  related  to 
Miospermophilus  based  on  the  subparallel  lophs, 
cingular  structure,  and  lack  of  metaconules  on  the 
upper  dentition.  More  and  better  material  is  needed 
to  justify  this  contention.  At  any  rate,  it  is  a form 
related  to  Miospermophilus  and  may  represent  a 
more  upland  adaptation.  Of  particular  significance 
in  this  regard  is  that  Protospermophilus  is  absent  in 
BBQ  II.  This  genus  has  been  found  in  and  may  be 
restricted  to  a riparian  environment  such  as  that 
demonstrated  by  Quarry  A and  Flint  Hill  North. 

Family  Cricetidae  Rochebrune,  1883 

Leidymys  species 
Figs.  18-20 

Material. — SDSM  67142,  left  M„  broken  left  M,;  SDSM  67143, 
four  left  M,,  two  right  M2;  SDSM  8684,  three  M3;  SDSM  8705, 
left  M1;  SDSM  8685,  left  M1;  SDSM  8686,  two  right  M2;  SDSM 
8706;  left  M2. 

Description.  — The  M,  are  brachydont  teeth  of 
about  the  same  size  as  Leidymys  species  from  the 
Batesland  Formation  (Martin,  1976).  A single  an- 
teroconid is  connected  directly  to  the  protoconid  by 
a faint  crest  on  one  M,,  whereas  a crest  from  the 
metaconid  and  one  from  the  protoconid  join  to  form 
a single  crest,  which  intersects  the  anteroconid  me- 
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Figs.  16-23.—  16)  cf.  Miospermophilus  species,  SDSM  8711,  right  M,  or  M2.  17)  cf.  Miospermophilus  species,  SDSM  8710,  left  M1  or 
M2.  18)  Leidymys  species,  SDSM  67142,  left  M,.  19)  Leidymys  species,  SDSM  8705,  left  M1.  20)  Leidymys  species,  SDSM  8706,  left 
M2.  21)  Cricetidae,  small  species,  SDSM  8707,  left  M,.  22)  Cricetidae,  small  species,  SDSM  8688,  right  M2.  23)  Cricetidae,  small 
species,  SDSM  8708,  right  M3.  The  short  scale  refers  to  Figs.  16-20.  Scales  = 1 mm. 


dially  on  the  other  specimen.  The  ectolophid  ex- 
tends from  the  protoconid  to  the  midpoint  of  the 
hypolophid.  A small  mesoconid  exists  on  the  ec- 
tolophid and  sends  a short  spur  lingually,  which  is 
not  a complete  mesolophid.  The  metaconid  and 
protoconid  are  opposite  one  another,  as  are  the  ento- 
conid  and  hypoconid.  A posterior  cingulum  is  pres- 
ent. 

Second  lower  molars  are  similar  to  Leidymys  al- 
icae  (Black)  from  the  Flint  Creek  local  fauna  in  Mon- 


Table  8.  — Leidymys  species. 


Museum  no, 
tooth 

Mea- 

sure- 

ment 

N 

Observed  range 

Mean 

SD 

c.v. 

SDSM  67142,  M, 

AP 

1 

2.01 

Tr 

1 

1.40 

SDSM  67143,  M2 

AP 

5 

1.72-1.85 

1.77 

±0.06 

3.39 

Tr 

6 

1.40-1.51 

1.43 

±0.05 

3.50 

SDSM  8684,  M3 

AP 

3 

1.52-1.79 

1.68 

±0.14 

8.33 

Tr 

3 

1.30-1.35 

1.33 

±0.03 

2.26 

SDSM  8685,  M1 

AP 

2 

2.10-2.18 

2.14 

±0.06 

2.80 

Tr 

2 

1.45-1.48 

1.47 

±0.02 

1.36 

SDSM  8686,  M2 

AP 

3 

1.72-1.89 

1.80 

±0.09 

5.00 

Tr 

3 

1.50-1.61 

1.55 

±0.06 

3.87 

tana  (Black,  1961),  and  to  Leidymys  species  from 
the  Batesland  Formation  (Martin,  1976),  but  show 
some  variations  of  the  anterior  cingulum.  It  is  con- 
nected to  the  metaconid  and  protoconid  by  indi- 
vidual crests.  A medial  connection  from  the  meta- 
conid to  the  cingulum  is  present.  The  posterior  arm 
of  the  protoconid  is  usually  larger  than  the  meso- 
lophid and  extends  almost  to  the  lingual  border  of 
the  tooth.  However,  the  converse  is  true  in  one  spec- 
imen. 

The  M3’s  are  almost  identical  to  those  of  Leidy- 
mys alicae,  but  the  mesoconid  is  more  pronounced 
on  the  Rosebud  specimens. 

On  M1  a large,  isolated  anterocone  is  present.  The 
paracone  and  protocone  are  directly  opposite,  as  are 
the  metacone  and  hypocone.  On  one  specimen  pro- 
tolophule  I is  incomplete,  while  on  the  other  pro- 
tolophule  II  is  incomplete.  The  mesoloph  almost 
reaches  the  buccal  border  of  the  tooth. 

The  M2’s  are  identical  to  those  from  the  Batesland 
Formation.  Among  the  BBQ  II  specimens  varia- 
tions are  also  seen  in  the  length  of  the  mesoloph. 
This  character  seems  especially  variable  among  these 
cricetid  species. 
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Table  9 . — Cricetidae,  small  species. 


Museum  no., 
tooth 

Mea- 

sure- 

ment 

N 

Observed  range 

Mean 

SD 

c.v. 

SDSM  8687,  M, 

AP 

2 

1.71-1.75 

1.73 

±0.03 

1.73 

Tr 

2 

1.10-1.12 

1.11 

±0.01 

0.90 

SDSM  8668,  M2 

AP 

1 

1.35 

Tr 

1 

1.10 

SDSM  8669,  M3 

AP 

2 

1.05-1.1 1 

1.08 

±0.04 

3.74 

Tr 

2 

0.95-1.01 

0.98 

±0.04 

4.08 

SDSM  8690,  M2 

AP 

4 

1.08-1.35 

1.24 

±0.12 

9.68 

Tr 

4 

1.08-1.30 

1.17 

±0.10 

8.55 

Discussion.—  These  molars  represent  another  oc- 
currence of  Hemingfordian  cricetids  and  are  part  of 
an  evolutionary  line  surviving  from  the  Oligocene 
into  the  early  Miocene.  In  South  Dakota,  the  genus 
is  known  from  the  Sharps  Formation  by  Leidymys 
blacki  (Macdonald)  (J.  R.  Macdonald,  1963);  from 
the  Monroe  Creek  Formation  by  SDSM  64159-1, 
an  M1  described  by  L.  J.  Macdonald  (1972)  as  “Cri- 
cetid,  genus  undetermined”;  from  the  Rosebud  For- 
mation, by  these  specimens;  and  from  the  overlying 
Batesland  Formation  (Martin,  1976).  This  line  might 
eventually  be  traced  into  Copemys  Wood,  but  our 
present  knowledge  is  not  conclusive.  The  Heming- 
fordian Leidymys  does  not  exhibit  the  staggered 
cusps  characteristic  of  Barstovian  Copemys. 

The  BBQ  II  species  is  almost  identical  with  that 
described  from  the  Batesland  Formation  and  is  close 
to  the  Monroe  Creek  specimen.  More  complete  den- 
titions are  required  before  specific  distinctions  can 
be  made.  The  Rosebud  teeth  differ  from  Leidymys 
alicae  in  their  smaller  size,  anteroconid  structure  of 
M,,  and  the  absence  of  a mesolophid  on  M,. 

Cricetidae,  small  species 
Figs.  21-23 

Material.  — SDSM  8690,  left  M2;  SDSM  8687,  two  M,;  SDSM 
8707,  left  M,;  SDSM  8688,  right  M2;  SDSM  8708,  right  M3; 
SDSM  8689,  left  M3. 

Description.  — This  is  another  cricetid  with  a 
brachydont  dentition.  As  measurements  indicate 
(Tables  8-9),  it  is  much  smaller  than  the  BBQ  II 
Leidymys  species.  Size,  coupled  with  unique  mor- 


The BBQ  II  fauna  is  of  early  Hemingfordian  age 
and  is  most  similar  to  the  Marsland  and  Quarry  A 
faunas. 

The  environment  of  deposition  of  the  quarry  is 


phology,  indicates  a new  form,  but  we  have  insuf- 
ficient material  to  name  the  cricetid. 

The  anteroconid  structure  of  M,  is  similar  to  that 
described  for  Leidymys.  There  are  two  crests  orig- 
inating from  the  metaconid  and  protoconid  directed 
anteriorly.  They  may  either  join  together  before  in- 
tersecting the  anteroconid,  or  each  will  intersect  it 
individually.  In  both  cases,  the  intersection  is  an- 
teromedial. A slight  mesoconid  is  present,  but  does 
not  display  the  internal  spur  as  does  Leidymys.  There 
is  a small  bulge  in  the  enamel  at  the  base  of  the 
metaconid,  which  is  suggested  on  the  heavily  worn 
specimen. 

The  M2  is  unworn  and  appears  unusual  for  this 
normally  conservative  tooth.  Perhaps  it  does  not 
belong  to  this  species,  but  it  does  fit  the  size  range. 
It  does  not  possess  roots  and  might  not  be  a fully 
formed  tooth.  The  anterior  crests  (metalophulid  I) 
join  anteromedially  in  a small  anteroconid.  No  an- 
terior cingulum  is  present  as  in  most  other  cricetids. 
The  posterior  arm  of  the  protoconid  reaches  the 
lingual  edge  of  the  tooth,  and  no  mesoconid  is  pres- 
ent. A small  hypoconulid  is  present  on  the  broken 
M2  in  a dentary  fragment  containing  an  M3. 

The  M3’s  are  similar  to  those  of  Leidymys,  except 
that  the  posterior  arm  of  the  protoconid  (metaloph- 
ulid II)  varies.  It  is  directed  anterad  toward  the 
metaconid  and  actually  joins  it  in  one  case.  This 
results  in  a fossettid  upon  wear.  A slight  bulge  exists 
on  the  ectolophid,  but  is  not  a true  mesoconid. 

Unfortunately,  no  M1  specimens  are  in  the  col- 
lection, but  M2  shows  peculiarities.  It  has  both  a 
lingual  and  labial  projection  of  the  anterior  cingu- 
lum but  the  labial  spur  is  connected  to  the  paracone 
and  the  lingual  spur  to  the  protocone.  Only  a meso- 
cone  and  metastyle  are  present  instead  of  a meso- 
loph,  and  a prominent  posterior  cingulum  exists. 

Discussion.  — The  small  size  and  peculiar  struc- 
ture of  the  mesocone  on  M2,  the  anterior  cingulum 
of  the  M2,  and  the  metalophulid  II  of  M3,  probably 
indicate  a new  taxon.  Additional  specimens,  espe- 
cially of  M1  are  needed  before  a new  name  can  be 
assigned.  It  appears  to  have  arisen  from  the  brachy- 
dont Leidymys  stock  but  exhibits  dental  adaptations 
parallel  to  some  zapodids. 


non-riparian  as  indicated  by  the  lack  of  stream  bor- 
der forms  such  as  Plesiosorex , castorids,  aplodon- 
tids,  mylagaulids,  and  Protospermophilus. 

Among  the  Insectivora,  the  range  of  the  Geola- 
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bididae  is  extended  into  the  Hemingfordian.  A new 
hedgehog,  Hibbarderix,  is  found  in  South  Dakota 
and  adds  to  the  diversity  of  the  Miocene  erinaceids. 
Parvericius  is  suspected  from  the  locality.  Shrews 
are  represented  by  Wilsonosorex  and  Antesorex.  One 
upper  molar  might  represent  a desmanine  or  urop- 
siline  talpid. 


Cricetids  are  not  absent  in  the  Hemingfordian, 
but  appear  continuously  from  the  Oligocene  to  the 
Middle  Hemingfordian.  Leidymys  and  an  unnamed 
new  genus  are  present  at  BBQ  II.  The  Sciuridae  are 
represented  by  Tamias  and  cf.  Miospermophilus. 
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LATE  CENOZOIC  LEPORIDAE  (MAMMALIA,  LAGOMORPHA)  FROM 
THE  ANZA-BORREGO  DESERT,  SOUTHERN  CALIFORNIA 

John  A.  White 


ABSTRACT 


The  leporids  from  the  Palm  Spring  Formation  in  the  Anza- 
Borrego  Desert  of  Southern  California  are  represented  by  two 
archaeolagines,  Hypolagus  vetus  and  Pewelagus  dawscmae  new 
genus  and  species,  and  three  leporines,  Nekrolagus  species,  Syl- 
vilagus  hibbardi  new  species,  and  specimens  of  a large,  advanced 
lepond.  In  this  stratigraphic  section,  the  archaeolagines  and  Nek- 
rolagus species  occur  in  the  Late  Blancan  and  Irvingtonian,  and 
the  large,  advanced  leporid  in  the  Irvingtonian. 


H.  vetus  is  ecologically  replaced  in  the  section  by  S.  hibbardi, 
and  the  two  species  are  referred  to  the  cottontail  ecomorph.  Pa- 
laeolagus  hypsodus  is  referred  to  the  rock  rabbit  ecomorph,  and 
Prolagus  sardus  and  Kenyalagomys  are  referred  to  the  cottontail 
ecomorph. 

It  was  impossible  to  refer  the  large,  advanced  leporid  to  either 
Sylvilagus  or  Lepus,  as  size  and  enamel  patterns  on  P3  cannot  be 
used  as  criteria  for  this  purpose. 


INTRODUCTION 


The  fossil  vertebrates  dealt  with  in  this  paper  were 
obtained  in  the  Anza-Borrego  Desert  from  sites  oc- 
curring in  more  than  2,325  m (7,622  feet)  of  that 
part  of  the  Palm  Spring  Formation  (Woodring,  1931; 
Dibblee,  1954;  Woodard,  1963)  exposed  in  the  Val- 
lecito  Creek  and  Fish  Creek  Wash  areas  in  the  Anza- 
Borrego  Desert  State  Park  in  eastern  San  Diego 
County,  California.  Specimens  of  leporids  have  been 


recovered  from  82  stratigraphic  levels  in  that  part 
of  the  section,  which  is  in  continuous  sequence,  is 
referred  to  by  Downs  and  White  (1968)  as  the  “type 
section,”  and  extends  in  time  from  early  Blancan 
Pliocene  to  late  Irvingtonian  early  Pleistocene  (Berg- 
grenand  Van  Couvering,  1974;  Opdyke  et  al.,  1977; 
and  Marshall  et  al.,  1979). 
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MATERIALS  AND  METHODS 


Most  of  the  specimens  used  in  this  study  are  in  the  collections 
of  the  Natural  History  Museum  of  Los  Angeles  County,  De- 
partment ofVertebrate  Paleontology  (LACM).  Others  are  housed 
at  the  San  Diego  Museum  of  Natural  History  (SDMNH),  Impe- 
rial Valley  College  Museum  (IVCM),  Department  of  Zoology, 
University  of  Arizona  (UADZ),  and  Idaho  Museum  of  Natural 
History  (IMNH). 

All  measurements  were  made  with  dial  calipers  calibrated  to 
0. 1 mm.  Anatomical  terminology  is  that  of  Craigie  (1948). 

The  specimens  of  leporids  discussed  herein  are  more  complete 


than  usual,  and  the  descriptions  of  these  specimens  are  relatively 
brief.  This  briefness  of  description  reflects  the  discovery  that 
lagomorphs  are  referable  to  ecomorphs  (White  and  Keller,  1983). 
These  authors  define  an  ecomorph  to  include  groups  of  organisms 
whose  morphological  similarities  imply  ecological  preference  ir- 
respective of  systematic  relationships. 

Specimens  of  the  post-cranial  skeleton  are,  for  the  most  part, 
not  analyzed  in  this  paper,  pending  completion  of  analysis  of 
variation  in  post-cranial  elements  in  living  forms. 
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SYSTEMATIC  ACCOUNTS 


Order  Lagomorpha  Brandt  1855 
Family  Leporidae  Gray  1821 
Subfamily  Archaeolaginae  Dice  1929 

Genus  Hypolagus  Dice  1917 
Hypolagus  vetus  (Kellogg) 

(Figs.  1-3) 

Lepus  vetus  Kellogg,  Univ.  California  Pub.  Bull.  Dept.  Geol. 
5(29):436,  13  July  1910. 

Hypolagus  vetus , Dice,  Univ.  California  Pub.  Bull.  Dept.  Geol. 
10(1 2):  181,  23  March  1917. 

Referred  specimens.  — Unless  otherwise  specified,  locality  and 
specimen  numbers  listed  below  are  in  the  collections  of  the  Nat- 
ural History  Museum  of  Los  Angeles  County.  Localities  are  listed 
in  numerical  order,  italicized,  and  followed  by  specimen  num- 
bers. 

Locality  1920:  7434  fragmentary  skull  with  complete  upper 
and  lower  dentitions,  with  distal  Vi  humerus  and  proximal  end 
of  tibia;  1923:  24965  left  mandibular  fragment  with  P3-P4;  3238: 
40139  right  mandibular  fragment  with  P3-M3;  4267:  115101  left 
mandibular  fragment,  immature  specimen;  6524:  24670  femoral 
and  tibial  fragments;  6529:  13742  P3;  6546:  23417  astragalus 


and  calcaneum;  6552:  16859  left  mandibular  fragment  with  P3- 
P4;  6553:  24754  cranial  fragments;  6557:  23431  cranial  frag- 
ments, four  metatarsals,  and  other  fragments,  24973  fragmentary 
skeletal  parts;  6564:  13729  cranium  with  zygomatic  arches  and 
P2s  missing,  humerus  and  ulnar  fragments;  65115:  24972  right 
mandibular  fragment  with  P3-M3;  65116:  39459  fragment  of 
distal  femur;  65117: 24665  pelvis  and  skeletal  fragments;  65171: 
24969  cranial  fragment  with  complete  dentition;  65177:  23444 
cranium  with  basicranium  missing;  6604:  23422  distal  humeral 
fragment,  23447  cranium  with  right  zygomatic  arch  missing,  atlas 
in  articulation,  24957  articulated  pes  and  other  fragments:  66163: 
17687  P2;  66165:  24966  rostrum  with  incisors  and  P3-P4,  24967 
palate  with  complete  dentition,  24968  mandibular  fragment  with 
left  P3,  23425  astragalus,  calcaneum,  proximal  ends  of  femora, 
humerus,  scapula,  distal  ends  of  femora  with  articulating  tibiae; 
6715:  17648  skull  with  left  zygomatic  arch  missing,  17668  cranial 
fragments,  3946 1 distal  end  of  pes  with  metatarsals;  6719:  17667 
left  mandibular  fragment  with  P3-P4;  6724:  24750  right  man- 
dibular fragment  'with  P3;  6748:  24719  three  articulated  pedes 
with  metatarsals,  tarsus,  and  other  fragments;  6814:  20923  skull 
with  zygomatic  arches  missing  and  fragmentary  mandible,  com- 
plete dentitions,  24578  skeletal  fragments,  24579  mandible  with 
I,  P3-M2,  posterior  end  missing,  24580  skeletal  fragments,  2458 1 
cranial  fragments,  24585  cranial  fragments;  6821:  39462  distal 


Table  l .—Statistical  data  relating  to  Hypolagus  vetus  from  the  Anza-Borrego  Desert  section. 


Measurement 

M 

N 

SD 

SE 

OR 

Anterior  surface  I1*  to  inyon 

70.65 

2 

— 

— 

62.9-78.4 

Anterior  surface  I1  to  foramen  magnum 

67.3 

1 

— 

— 

— 

Anterior  surface  I1  to  bony  palate 

23.2 

2 

— 

— 

19.4-27.0 

L palatine  foramen 

19.17 

2 

— 

— 

18.3-19.8 

W palatine  foramen 

6.88 

5 

.68 

.30 

6. 3-8.0 

Least  APL  bony  palate 

5.33 

8 

.82 

.27 

4. 6-6. 8 

Bony  palate  to  basisphenoid 

22.95 

2 

- 

- 

22.7-23.2 

W choana  posterior  to  bony  palate 

6.32 

5 

.99 

.44 

5. 1-7.6 

L basioccipital 

10.33 

3 

— 

— 

9.3-12.0 

APL  tympanic  bulla 

12.20 

6 

1.09 

.41 

10.7-13.2 

W tympanic  bulla 

8.84 

5 

1.42 

.58 

7.6-10.7 

W between  bullae 

6.83 

3 

— 

— 

6. 1-7.5 

Inyon  to  foramen  magnum 

7.30 

3 

— 

— 

6.4-8. 5 

W across  occipital  condyles 

12.10 

4 

- 

- 

10.7-13.0 

Least  postorbital  constriction 

12.10 

1 

— 

— 

— 

W across  supraorbital  ridges 

20.00 

1 

— 

— 

- 

Depth  anterior  end  zygomatic  arch 

4.93 

6 

.69 

.26 

4.1-5. 7 

W skull  anterior  end  zygomatic  arches 

30.90 

5 

2.47 

1.10 

26.9-33.2 

Diastema  I2-P2 

18.77 

3 

— 

— 

15.7-22.7 

L row  upper  cheek  teeth  at  wear  surface 

11.71 

8 

.39 

.13 

11.0-12.2 

L row  upper  cheek  teeth  at  alveoli 

14.00 

11 

.79 

.23 

13.0-15.5 

APL  I1 

1.78 

5 

.16 

.07 

1.5-1. 9 

W I1 

2.59 

7 

.32 

.11 

q 

CD 

1 

c-i 

W I2 

1.36 

4 

— 

— 

1.0-1. 6 

APL  P3 

2.92 

13 

.22 

.06 

2. 6-3. 3 

W P3 

2.69 

16 

.17 

.04 

2.5-3. 1 

Diastema  I P3 

15.80 

5 

1.29 

.53 

13.9-17.0 

L row  lower  cheek  teeth  at  wear  surface 

11.98 

4 

— 

11.0-12.5 

L row  lower  cheek  teeth  at  alveoli 

14.45 

6 

1.15 

.44 

13.0-16.1 

* APL  = anteroposterior  length,  L = length,  W = width,  subscripts  refer  to  lower  dentition,  superscripts  refer  to  upper  dentition,  numbers  refer  to  individual  teeth  in  a series,  I = 
incisor,  and  P = premolar. 
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Fig.  1.  — Right-lateral  and  ventral  views  of  cranium  and  right- 
lateral  view  of  mandible  of  Hypolagiis  vetus,  specimen  number 
24974  from  LACM  locality  6822.  Drawn  by  Erica  H.  Craig. 


6 5 mm 


Fig.  2.  — Upper  and  lower  occlusal  enamel  patterns  of  cheek  teeth 
of  Hypolagiis  vetus,  specimen  24974  from  LACM  locality  6822. 
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Fig.  3.  — Dorsal  and  ventral  views  of  the  cranium  of  Hypolagus 
vetus,  specimen  20445  from  SDMNH  locality  LI 959.  Drawn  by 
Erica  H.  Craig. 


tibia;  6822:  24974  skull  with  left  zygomatic  arch  missing,  pos- 
terior end  of  mandibles  missing,  complete  dentitions,  and  frag- 
mentary skeletal  parts;  6864:  2497 1 mandibular  fragment  with 
P3-M,,  20928  maxillary  fragment  with  P2,  P1  missing;  7068: 
24669  skull  with  zygomatic  arches  and  right  basicramum  and 
right  mandibular  ramus  missing,  fragments  of  scapula,  right  and 
left  proximal  radius  and  ulna  articulated  with  distal  right  and  left 
humeri. 

IVCM:  GJM  1204:  1274  mandibular  fragment  with  P3;  341: 
1276  left  mandibular  fragment  with  P,-M2. 

SDMNFI:  L1959:  20445  cranium  with  right  zygomatic  arch 
missing. 

Specific  characters.  — Size  medium  (Table  1),  near 
Sylvilagus  fioridanus  and  Lepus  americanus.  P3  with 
thick  enamel  on  anterior  edge  of  postero-external 
reentrant  which  is  directed  posteriad  (Hibbard, 
1969).  P2  ovoid  in  cross  section  with  a deep  anterior 
reentrant  on  lingual  one-third,  and  a shallow  one  on 
labial  one-third  of  tooth,  both  of  which  extend  to 
base  of  crown.  Skull  proportions  essentially  as  in  S. 
fioridanus  and  L.  americanus , making  this  species 
referrable  to  the  cottontail  ecomorph  (White  and 
Keller,  1983). 

Geologic  age  and  distribution.  — The  occurrence 
of  H.  vetus  from  the  Late  Hemphillian  of  Thousand 
Creek,  Nevada,  to  the  Blancan  of  the  Palm  Spring 
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A.  Hypolagus  vetus 

B . Pewe/ogus  dawsonae 

C.  Nekrofagus 

D.  Sy/vilogus  hibbardi 

E.  Lepus  or  Sy/vi/agus 


Fig.  4.  — Stratigraphic  ranges  of  leporids  from  the  Anza-Borrego  Desert  section.  ( 1 ) and  (2)  paleomagnetic  scale;  (3)  epochs;  (4)  mammalian 
provincial  ages;  and  (5)  local  faunas. 
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A-  Ochotona  princeps 
B Romerotagus  diazi 
C Pateotagus  hyp  sod  us 
D-  Sylvilagus  hibbardi 
E S.  floridanus 


F-  Hypo/ogus  vet  us 
G Lepus  americanus  (standard) 
H ■ L.  townsendii 
I L arcticus 


Fig.  5.  — Ratio  diagram  (Simpson  et  al.,  1960)  of  nine  species  of  lagomorphs,  comparing  skull  proportions. 
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Fig.  6.— Occlusal  enamel  patterns  of  leporine  cheek  teeth.  A and 
C,  leporine,  genus  and  species  indeterminate:  A,  specimen  1275 
from  IVCM  locality  1 1 3;  C,  specimen  24839  from  LACM  locality 
1 906;  B,  Sylvilagus  cunicularius.  Recent  (UADZ  5133);  D,  Lepus 
townsendii,  Recent  (IMNH  R326);  E,  S.floridanus,  Recent  (1MNH 
R582);  H,  L.  americanus.  Recent  (IMNH  7011);  F,  S.  hibbardi 
new  species  specimen  24985  from  LACM  locality  1 1 14;  G,  spec- 
imen 6760  from  LACM  locality  1469;  J,  specimen  4429  from 
LACM  locality  1 588;  and  I,  specimen  4394  (holotype)  from  LACM 
locality  1615. 


Formation  in  the  Anza-Borrego  Desert  section  pro- 
vides the  only  reasonably  certain  stratigraphic  range 
for  this  species.  All  other  specimens  from  other  lo- 
calities, which  range  in  time  from  Barstovian  to  the 
Blancan,  have  been  tentatively  referred  to  this 
species,  and  are  in  need  of  reexamination. 


Table  2 .—  The  numbers  of  plications  in  the  enamel  of  hypostriae 
in  upper  cheek  teeth  o/Hypolagus  vetus. 


Fig.  7.  — Dorsal,  ventral,  and  right-lateral  views  of  the  cranium 
of  Pewelagus  dawsonae  new  species,  specimen  24664  (holotype) 
from  LACM  locality  6583.  Drawn  by  Erica  H.  Craig. 


In  the  Anza-Borrego  Desert  section  this  species 
occurs  from  1,430  m (3,420  feet)  to  2,964  m (9,720 
feet)  below  top  of  section,  and  entirely  in  the  Blan- 
can (Fig.  4). 


Tooth  and  numbers 
of  specimens  (N) 

Observed  ranges 

Anterior  enamel 

Posterior  enamel 

P3  (9)* 

7-9 

0-4 

P4  (9) 

8-10 

0-5 

M1  (8) 

7-1 1 

0-3 

M2  (8) 

6-10 

0-5 

* Abbreviations  as  explained  in  Table  1. 


Description 

Skull.  — The  skull  in  H.  vetus  is  remarkably  sim- 
ilar to  the  skulls  of  S.  floridanus  and  L.  americanus 
(Fig.  5).  The  interparietal  bone  is  visible. 

Dentition.  — P2  with  deep  reentrant  at  lingual  one- 
third  of  tooth  and  extends  posterolabiad;  a shallow 
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reentrant  inflected  at  labial  one-third  of  tooth.  I1 
essentially  as  in  S.floridanus,  but  I2  rounded  in  cross 
section  and  slightly  compressed  anteroposteriorly. 
P3-M2  with  thin  enamel  on  hypostriae,  which  are 
variably  crenulated  (Table  2).  M3  with  thick  enamel 
only  on  its  anterior  and  labial  sides. 

Labial  side  of  P3  faces  laterad  and  slightly  anter- 
iad.  Anteroexternal  reentrant  shallow.  Posteroex- 
ternal reentrant  extends  linguad  and  slightly  more 
than  half  way  across  occlusal  surface;  thick  enamel 
on  anterior  margin  usually  strongly  sigmoid,  thick- 
ness in  lingual  portion  about  the  same  as  on  labial 
portion,  or  may  be  thinned  out  lingually. 

Appendicular  skeleton.  — Other  species  of  leporids 
occur  with  H.  vetus  in  the  Anza-Borrego  Desert  sec- 
tion. Therefore,  any  post-cranial  material,  unless 
associated  with  cranial  materials,  can  only  be  as- 
signed doubtfully  to  this  species.  Scapular  fragments 
seem  to  be  about  the  size  of  the  scapula  in  S.  flor- 
idanus.  In  size  and  proportions,  pelvic  girdle,  femur, 
tibiofibula,  astragalus,  calcaneum,  and  metatarsals 
essentially  as  in  S.  floridanus. 

Comparisons  With  Other  Species 

From  Hypolagus  rega/is,  H.  vetus  differs  in:  P, 
slightly  smaller,  thick  enamel  on  anterior  edge  of 
posteroexternal  reentrant  from  sigmoid  to  straight, 
and  reentrant  projects  posteriad  (Hibbard,  1969). 

From  H.  furlongi,  H.  limnetus,  H.  edensis,  and 
H.  arizonensis , H.  vetus  differs  in  markedly  larger 
size. 

In  structure  of  P3  and  P2  and  in  proportions  of 
the  mandible,  H.  cf.  vetus  from  the  Hagerman  local 
fauna  is  indistinguishable  from  H.  vetus  topotypes 
and  specimens  from  the  Anza-Borrego  Desert  sec- 
tion. Campbell  (1969),  on  analyzing  the  postcranial 
skeleton  of  the  Hagerman  specimens,  concluded  that 
this  species  had  a locomotion  similar  to  that  of  Lepus 
ewopaeus.  Gregory  (1942:338)  tentatively  referred 
specimens  from  the  latest  Miocene,  Niobrara  River 
Formation  to  H.  vetus.  This  assignment  was  based 
on  the  enamel  pattern  on  P3.  This  situation  seems 
akin  to  that  between  Sylvilagus  floridanus,  Lepus 
americanus,  and  other  species  of  Lepus,  which  can- 
not be  distinguished  from  one  another  on  the  basis 
of  enamel  patterns  on  the  occlusal  surface  of  P3s 
(Fig.  6).  A.  floridanus  and  L.  americanus,  addition- 
ally, cannot  be  distinguished  from  one  another  on 
the  basis  of  skull  proportions.  It  seems  therefore  that 
there  may  be  two  ecomorphs  in  H.  vetus  and  pos- 
sibly two  species. 


Fig.  8.  — Occlusal  enamel  patterns  of  Pewelagus  dawsonae  new 
species:  P3,  specimen  13772  from  LACM  locality  6529;  P4-M3, 
specimen  13745  from  LACM  locality  6540;  and  upper  dentition 
of  specimen  24664  (holotype)  from  LACM  locality  6583. 


Pewelagus , new  genus 
Figs.  7 and  8 

Diagnosis.  — Near  Sylvilagus  baclunani  in  size; 
tympanic  bullae  larger,  both  relatively  and  in  actual 
size,  than  in  any  known  lagomorph  (Table  3).  Basi- 
cranial-basifacial axis  as  in  Sylvilagus  auduboni,  but 
with  choana  narrow  as  in  Ochotona  princeps. 

Age  and  stratigraphic  position.  — Pewelagus  oc- 
curs from  488  m ( 1 ,60 1 feet)  to  2,407  m (7,920  feet) 
below  top  of  section.  It  occurs  only  in  the  Blancan 
part  of  the  section,  reaching  to  the  very  top  of  the 
Blancan  (Fig.  4). 

The  only  included  species  and  the  type  species  of 
the  genus  is  hitherto  undescribed  and  may  be  called: 

Pewelagus  dawsonae , new  species 

Holotype.  — LACM  24664,  a cranium  with  left 
tympanic  bulla,  zygomatic  arches,  and  anterior  end 
of  nasals  missing.  From  LACM  locality  6583,  Upper 
Tapiado  Wash,  Anza-Borrego  Desert  State  Park,  San 
Diego  County,  California,  and  1,526  m (5,020  feet) 
below  top  of  section,  in  the  Palm  Spring  Formation. 

Referred  specimens.  — Localities  are  listed  in  numerical  order 
and  italicized,  followed  by  specimen  number. 

Locality  1472: 4467  right  mandibular  fragment  with  P3;  40146 
right  mandibular  fragment  with  P3-P4  and  calcaneum;  6529: 1 9266 
left  mandibular  fragment  with  DP3-DP4,  Mh  13742  left  P3  and 
fragments;  6539:  16833  skull  with  left  mandibular  fragment  (ju- 
venile); 6540:  13745  right  mandibular  fragment  with  P4-M3;  6544: 
23228  rostral  fragment  with  I '-I2  and  maxillary  fragment  with 
P2-M3;  6550:  13744  left  mandibular  fragment  with  P3-M,;  6552: 
23050  left  mandibular  fragment  with  P3-M2;  6553:  23432  left 
mandibular  fragment  with  P3-M,;  6583  (type  locality):  39458 
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Table  3.— Statistical  data  relating  to  Pewelagus  dawsonae  new  genus  and  species  from  the  Anza-Borrego  Desert  section. 


Measurement 

M 

N 

SD 

SE 

OR1 

Anterior  surface  F*  to  inyon 

57.7 

i 

_ 

__ 



Anterior  surface  I1  to  foramen  magnum 

48.8 

i 

— 

— 

Anterior  surface  P to  bony  palate 

17.1 

i 

--- 

— 

— 

L palatine  foramen 

12.9 

i 

— 

— 

— 

W palatine  foramen 

4.3 

i 

— 

— 

— 

Least  APL  bony  palate 

4.5 

i 

— 

— 

— 

Bony  palate  to  basisphenoid 

17.8 

i 

— 

— 

— 

W choana  posterior  to  bony  palate 

3.5 

i 

— 

— 

— 

L basioccipital 

10.4 

i 

— 

— 

— 

APL  tympanic  bulla 

18.8 

i 

— 

— 

— 

W tympanic  bulla 

10.1 

i 

— 

— 

— 

W between  bullae 

4.0 

i 

— 

— 

— 

W across  occipital  condyles 

10.0 

i 

— 

— 

— 

Least  postorbital  constriction 

10.5 

i 

— 

— 

— 

W across  supraorbital  ridges 

16.4 

i 

— 

— 

Depth  anterior  end  zygomatic  arch 

4.2 

2 

— 

— 

4.2 

W skull  anterior  end  zygomatic  arches 

24.5 

1 

— 

— 

— 

Diastema  P-P2 

14.6 

2 

— 

— 

13.7-15.5 

L row  upper  cheek  teeth  at  wear  surface 

9.2 

2 

— 

— 

8. 9-9. 5 

L upper  cheek  teeth  at  alveoli 

10.4 

3 

— 

— 

9.2-1 1.9 

APL  P 

1.2 

2 

— 

— 

1.0-1. 4 

W P 

1.9 

2 

— 

— 

1.7-2. 1 

VV  P 

1.35 

2 

— 

— 

1.2-1. 5 

APL  P3 

2.19 

11 

.26 

.08 

1. 8-2.6 

W P3 

1.96 

11 

.31 

.09 

1. 8-2.7 

Diastema  I,-P3 

12.1 

1 

— 

— 

— 

L row  lower  cheek  teeth  at  wear  surface 

9.4 

1 

— 

— 

— 

L row  lower  cheek  teeth  at  alveoli 

11.85 

2 

- 

- 

11.2-12.5 

1 Abbreviations  as  expiained  [or,  of  words  in  the  same  places]  in  Table  2. 
* Abbreviations  as  explained  in  Table  1 . 


skeletal  fragments,  left  maxillary  with  P2-M2,  right  maxillary' 
fragment  with  P3-M2,  mandibular  fragment  with  P3-M,,  proxi- 
mal epiphysis  of  tibia,  fragment  of  right  innominate,  23439  left 
mandibular  fragment  with  P3,  13728  right  mandibular  fragment 
with  P3-M2;  6604:  17650  fragmentary  cranium;  6642:  1 9562  left 
P3;  6722: 17671  skull  with  right  mandible  (juvenile);  6811: 24970 
left  mandibular  fragment  with  P3-M2;  6821:  23174  right  P3. 

IVCM:  locality  27:  308  right  mandibular  fragment  with  P3. 

Diagnosis. — Same  as  for  genus. 

Etymology.  — From pewe,  Algonquin  for  small,  and  lagus,  Greek 
for  hare.  Named  for  Mary  R.  Dawson,  for  her  outstanding  work 
on  lagomorphs. 

Description 

Skull.  —Tympanic  bullae  relatively  large  and  lat- 
erally compressed;  their  posterior  ends  extend 
slightly  posteriad  of  occipital  condyles  separating 
paroccipital  process  from  squamosal  process  of 
squamosal;  anterior  ends  extend  almost  into  pter- 
ygoid fossae.  Wall  of  bulla  simple,  without  sponge- 
like structures  present  in  Scalopus,  Ochotona,  Pe- 
rn gnat  hus,  Thomomys,  Geomys,  and  Mustela,  and 


without  mastoid  portion  delimited  by  a septum  as 
in  Dipodomys.  Basisphenoids  and  basioccipitals 
constricted  between  bullae,  the  suture  between  them 
posteriad  of  anterior  end  of  bullae.  Most  of  left  bulla 
missing  in  holotype  but  entotympanic  present  and 
sutured  to  basioccipital  and  posterior  portion  of  ba- 
sisphenoid.  Immediately  posterior  to  level  of  cav- 
ernous foramen,  entotympanic,  following  contour 
of  bulla,  diverges  laterally  to  basisphenoid,  leaving 
a slit-like  opening  between  the  two  bones,  which  is 
here  interpreted  as  representing  the  pharyngeal 
opening  of  the  Eustachian  tube.  Foramem  lacerum 
situated  laterad  of  anterior  end  of  bullae  and  me- 
dioposteriad  of  lateral  lamina  of  pterygoid  fossa. 
Orbital  fissure  and  optic  foramen  as  in  other  lepo- 
rids,  as  is  anterior  half  of  cranium.  Fenestrations  on 
side  of  rostrum  as  in  other  leporids,  but  those  in 
basicranial  region  almost  absent,  probably  reflecting 
the  forward  extension  of  bullae,  and  consequent  lat- 
eral displacement  of  foramen  lacerum  from  its  nor- 
mal median  position.  Interparietal  visible;  supraor- 
bital processes  small  as  in  Brachylagus.  External 
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Fig.  9.  — Diagram  comparing  the  growth  of  the  tympanic  bullae 
of  domesticated  Oryctolagus  cuniculus  and  Pewelagus  dawsonae 
new  species.  A-D  represent  juveniles  and  D an  adult  Oryctolagus. 
1 (specimen  16833),  and  2 (specimen  17671)  are  juveniles,  and 

3 (holotype)  is  an  adult  of  Pewelagus  dawsonae.  See  text  for 
further  details. 


auditory  meatus  enlarged  and  directed  dorsopos- 
teriad.  Palatal  bridge  extends  from  middle  of  M1  to 
middle  of  P2. 

The  “pistol  grip’’-like  flexion  of  the  posterior  end 
of  skull,  as  expressed  by  the  basicranial-basifacial 
axis  and  doming  of  parietals,  is  nearest  Sylvi/agus 
auduboni,  and  far  greater  than  in  Romerolagus,  Pa- 
laeolagus  hvpsodus,  and  Ochotona. 

Dentition.  — P2,  essentially  as  in  Brachylagus, 
ovoid  in  cross  section  with  a deep  anterior  reentrant 
inflected  at  the  medial  half,  which  extends  postero- 
labiad.  A shallow  reentrant  sometimes  present  in 
labial  one-third  of  tooth.  Hypostriae  on  P3-M2  have 
crenulations  on  anterior  enamel  that  become  re- 
duced toward  back  of  tooth  rows.  Crenulations  on 
posterior  enamel  of  hypostriae  almost  absent.  M3 
roughly  oblong  in  cross  section  with  thick  enamel 
only  on  anterior  and  anterolabial  sides  of  tooth. 

P3  typically  archaeolagine  in  enamel  pattern,  pos- 
terior external  reentrant  extending  almost  half  way 
across  crown;  anteroexternal  reentrant  extends 
slightly  less  than  one-third  the  way  across  the  tooth, 
and  has  one  or  two  crenulations.  P4-M3  essentially 
as  in  Hypolagns. 

Development  of  tympanic  bullae.  — Specimens 
16833  and  17671  are  juveniles.  For  comparisons, 
four  litter  mates  of  domesticated  Oryctolagus  cunic- 
ulus were  sacrificed,  respectively,  starting  10  days 
after  birth  and  at  10  day  intervals  to  the  40th  day 


Fig.  10.  — Right-lateral  and  ventral  views  of  the  cranium  of  Nek- 
rolagus  species,  specimen  24958  from  LACM  locality  6604.  Drawn 
by  Erica  H.  Craig. 


(Fig.  9,  A-D),  and  the  skulls  were  cleaned.  The  skull 
of  an  adult  individual  was  added  to  the  series  (Fig. 
9,  E).  Pewelagus  specimen  16833  corresponds  in 
tooth  development  and  suture  closure  to  Orycto- 
lagus stage  D,  whereas  specimen  17671  corresponds 
to  stage  E (Fig.  9,  1-2).  The  Pewelagus  holotype  is 
an  adult  (Fig.  9,  3). 

The  development  of  the  tympanic  bullae  in  Pew- 
elagus differs  markedly  from  that  in  Oryctolagus.  In 
Oryctolagus  the  anteroposterior  length  (APL)  is  at- 
tained by  the  20th  day  of  life,  while  in  Pewelagus 
the  full  APL  is  not  attained  until  much  later  (Fig. 
9). 


Comparisons  With  Species  of 
Other  Genera 

The  P3  in  P.  dawsonae  is  characteristic  for  the 
archaeolagines  and  is  here  briefly  compared  with 
P3s  in  species  of  Hypolagus. 

The  small  P3  in  P.  dawsonae  distinguishes  this 
species  from  H.  vetus  Dice  (1917),  H.  regalis  Hib- 
bard (1939),  and  //.  oregonesis  Shotwell  (1956). 
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Fig.  i 1.  — Right  and  left  P3s  (A  and  B)  and  right  P2  (D)  occlusal 
patterns  of  Nekrolagus  species,  specimen  24958  from  LACM 
locality  6604;  and  left  P3  (C)  of  INekroIagus  species,  specimen 
7005  from  LACM  locality  1711. 

Crenulations  in  the  anteroexternal  reentrant  set  P. 
dawsonae  apart  from  H.  furlongi  Gazin  ( 1 934).  The 
anteroexternal  reentrant  is  relatively  shallower  than 


0 25mm 

■ iii i 1 


Fig.  12.  — Dorsal  and  ventral  views  of  the  cranium  of  Sylvilagus 
hibbardi  new  species,  specimen  3479  from  LACM  locality  1301. 
In  this  specimen  the  zygomatic  arches  are  plastic  and  contain 
impressions  of  the  medial  surfaces  of  the  arches.  Drawn  by  Erica 
H.  Craig. 


in  H.  limnetus  Gazin  (1934)  and  H.  fontinalis  Daw- 
son (1958).  In  H.  arizonensis  Downey  (1962)  the 
posteroexternal  reentrant  turns  sharply  posteriad 
whereas  in  P.  dawsonae  it  is  straight. 

The  P3  in  H.  edensis  Frick  (1921)  has  a size  and 
pattern  comparable  to  that  in  P.  dawsonae  and  may 
be  referable  to  this  genus.  Because  H.  edensis  is 
known  only  from  the  holotype,  this  relationship  can 
be  better  determined  with  additional  specimens. 

Subfamily  Leporinae  Trouessart  1880 

Genus  Nekrolagus  Hibbard  1939 
Nekrolagus  species 

A skull,  LACM  24958  (Fig.  10),  was  obtained 
from  locality  LACM  6604,  which  is  2,140  m (7,020 
feet)  below  top  of  section,  in  the  Early  Blancan  of 
the  Palm  Spring  Formation  (Fig.  4).  The  specimen 
is  that  of  a juvenile,  approximately  the  size  of  and 
having  the  same  basicranial-basifacial  flexion  as 
Sylvilagus  nuttallii.  It  is  remarkably  similar  to  the 
latter  species  in  skull  proportions  and  thus  referable 
to  the  cottontail  ecomorph. 

P2  has  a deep  anterior  reentrant  and  a shallower 
reentrant  between  the  lingual  edge  of  the  tooth  and 
the  deep  reentrant  (Fig.  1 1).  The  thin  enamel  on  the 
posterior  edge  of  the  hypoflexus  in  P3-M2  has  few 
crenulations. 

An  enamel  lake  extends  to  the  base  of  the  crown 
on  left  P3  with  no  trace  of  an  anterior  reentrant, 
whereas  on  the  right  P3  there  is  an  anterior  reentrant 
but  no  trace  of  an  enamel  lake  (Fig.  1 1,  A and  B). 

The  juvenile  nature  of  this  specimen  coupled  with 
the  variation,  especially  in  the  P3s,  precludes  as- 
signing it  to  a species  of  Nekrolagus. 

? Nekrolagus  species 

A left  mandible,  LACM  7005,  with  complete  den- 
tition and  from  LACM  locality  1 7 1 1,  is  of  a juvenile 
individual  (Fig.  1 1,  C).  In  this  specimen  there  is  an 
anterior  reentrant  on  P3,  but  the  configuration  of  the 
posteroexternal  reentrant  differs  from  Nekrolagus 
and  other  leporids  from  this  geologic  section,  ju- 
veniles or  adults.  The  specimen,  furthermore,  lacks 
an  enamel  lake  on  P3.  The  posteroexternal  reentrant 
on  P3  resembles  that  for  Nekrolagus  figured  in  Hib- 
bard (1963:  fig.  If). 

Genus  Sylvilagus  Gray  1867 
Sylvilagus  hibbardi , new  species 
Figs.  6,12,13 

Holotype.  — LACM  4394  from  LACM  locality 
1615,  mandibular  fragment  with  P3-M3. 
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Fig.  13.  — Enamel  patterns  on  the  occlusal  surfaces  of  P3s  in  Sylvilagus  hibbardi  new  species,  showing  a morphological  series  from  A 
(Nekrolagus  pattern)  to  P (Lepus  pattern).  This  series  is  independent  of  stratigraphic  relationships.  The  numbers  of  the  figured  specimens 
(LACM)  are  listed  in  the  same  order  as  above  (A  to  P):  23224,  4430,  24963,  24983,  24959,  24962,  4406,  6930,  24978,  24960,  24964, 
4426,  24984,  24961,  4425,  and  24982. 


Diagnosis.  — Approximately  the  size  of  Hypolagus 
veins  and  Sylvilagus  floridanus  (Table  4).  P3  with  a 
predominant  pro -Sylvilagus  enamel  pattern,  and 
usually  with  two  or  more  anterior  reentrants. 

Age  and  stratigraphic  position.  — S.  hibbardi  oc- 
curs from  152  m (500  feet)  to  1,042  m (3,420  feet) 
below  top  of  section,  and  from  Late  Blancan  to  Ir- 
vingtonian,  in  the  Palm  Spring  Formation  (Fig.  4). 


Referred  specimens.  — Localities  are  listed  in  numerical  order 
and  italicized,  followed  by  specimen  numbers. 

Locality  1112:  3329  left  mandibular  fragment  with  P3-M2; 
1114:  3330  left  P3,  3331  right  P3,  24975-24977  left  P3s,  24978- 
24982  left  P3s,  24983-24986  right  P3s,  24987-24988  left  P2s, 
24989-24991  right  P2s,  24992  left  P3,  24993  left  P2,  3695  left 
mandibular  fragment  with  P3-M2,  3696  right  mandibular  frag- 
ment with  P3-P4,  4455  left  P2,  4460  one  left  and  one  right  P3, 
20206  left  P3;  1196:  23225  two  left  P3s;  1245:  4425  left  man- 
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Table  4.— Statistical  data  relating  to  Sylvilagus  hibbardi  new  species  from  the  Anza-Borrego  Desert  section. 


Measurement 

M 

N 

SD 

SE 

OR1 

L palatine  foramen* 

18.2 

2 

— 

— 

18.0-18.4 

W palatine  foramen 

8.5 

1 

- 

— 

— 

Least  APL  bony  palate 

6.4 

6 

3.67 

1.64 

5. 9-7. 2 

Bony  palate  to  basisphenoid 

22.1 

- 

- 

— 

— 

W choana  posterior  to  bony  palate 

6.1 

2 

— 

- 

5.4-6. 8 

Least  postorbital  constriction 

14.0 

3 

- 

— 

12.9-16.0 

Depth  anterior  end  zygomatic  arch 

5.9 

6 

.42 

.19 

5. 1-7.5 

W skull  anterior  end  zygomatic  arches 

32.2 

2 

— 

— 

31.4-33.0 

Diastema  I2-P2 

19.1 

1 

— 

— 

— 

L row  upper  cheek  teeth  at  wear  surface 

12.2 

3 

— 

— 

1 1.5-12.7 

L row  upper  cheek  teeth  at  alveoli 

14.2 

5 

.83 

.41 

13.6-14.7 

W I1 

2.5 

1 

— 

— 

— 

W I2 

1.2 

1 

— 

— 

— 

APL  P3 

2.9 

40 

.034 

.005 

2. 5-3.4 

W P, 

2.4 

41 

.179 

.028 

2.0-2. 7 

Diastema  I ,— P3 

16.3 

1 

— 

— 

— 

L row  lower  cheek  teeth  at  alveoli 

13.5 

6 

.75 

.34 

12.5-14.4 

1 As  in  Table  2. 

* Abbreviations  as  explained  in  Table  1. 


dibular  fragment  with  P3-M2;  1249:  3337  left  mandibular  frag- 
ment with  P4-M3;  1301:  fragmentary  cranium  with  basicranium 
missing;  1357:  23057  left  P3;  1358:  17624  right  P2;  1428:  23227 
one  left  and  one  right  P3;  1466:  6930  right  P3;  1469:  6760  left 
mandibular  fragment  with  P3-M2;  1472:  4467  right  mandibular 
fragment  with  P3-M,;  1513: 4426  right  mandibular  fragment  with 
P,-M3;  1586: 4430  right  mandibular  fragment  with  P3-M,;  1588: 
4429  two  palates  with  P2-M3  on  each  side,  and  right  mandibular 
fragment  with  P3-M3>  6949  right  P3;  1606: 795 1 right  mandibular 
fragment  with  P3-M3;  1615  (type  locality):  4395  right  mandibular 
fragment  with  P3-M2,  23172  left  mandibular  fragment  with  P3- 
M2,  24959-24961  left  P3s,  24962-24964  right  P3s;  3235:  40142 
left  mandibular  fragment  with  P3-M,;  65183:  23224  skull  frag- 
ment with  dentitions;  6642:  19562  left  P3;  66114:  17201  right 
mandibular  fragment  with  P3-M,. 

IVCM:  locality  82:  329  left  mandibular  fragment  with  P3-M3; 
292:  1 143  cranial  fragment  with  rostrum  and  braincase  missing; 
396:  1475  right  mandibular  fragment  with  P3-M3. 

Etymology’.  — Named  for  the  late  Claude  W.  Hibbard  in  rec- 
ognition of  his  contribution  to  our  knowledge  of  evolution  in 
Late  Cenozoic  leporids. 

Description 

In  size  and  proportions  of  skull,  this  species  re- 
sembles Sylvilagus  floridanus.  Interparietal  visible 
in  specimen  IVCM  143,  and  wavy  sutural  contact 
between  parietal  and  interparietal  can  be  seen  in 
specimen  LACM  3479. 

In  specimen  LACM  3479,  a rugose  patch  four  mm 
long  is  present  on  anterior  part  of  ridge  marking 
dorsal  margin  of  origin  of  temporal  muscle,  and  on 
sutural  contact  between  squamosal  and  parietal.  This 
rugose  patch  probably  represents  the  area  of  attach- 
ment (ankylosis)  of  postorbital  process  to  braincase. 
This  attachment  is  found  in  some  species  of  Sylvil- 
agus, and  although  postorbital  process  may  touch 


braincase  in  Lepus,  there  is  never  a broad  area  of 
attachment  in  the  latter  genus  (Nelson,  1909:40). 

In  S.  hibbardi,  57%  of  the  P3s  have  the  “pro- 
Sylvilagus 39%  the  ''''Lepus,'’'1  2%  the  “ Nekrola - 
gus and  2%  the  “paedomorphic”  patterns  of 
enamel  on  the  occlusal  surface  (Hibbard,  1963).  Al- 
though Hibbard  (1963)  did  not  define  the  pro -Syl- 
vilagus enamel  pattern  in  that  paper,  he  wrote  to  me 
in  1969:  “[Do]  you  consider  the  ‘prosylvilagus’  pat- 
tern the  one  where  it  clearly  shows  the  joining  of 
the  posteroexternal  reentrant  [on  P3]  with  the  enam- 
el island  instead  of  the  more  typical  straight  reen- 
trant? If  that  is  what  you  call  the  prosylvilagus  pat- 
tern it  is  what  I saw  in  Lepus  and  Sylvilagus  when 
it  was  determined  that  Nekrolagus  gave  rise  to  the 
Recent  [Lepus]  pattern.”  In  Fig.  13  is  a morpho- 
logical series  of  P3s  showing  the  transition  from  Nek- 
rolagus to  the  Lepus  pattern. 

P2s  have  three  anterior  reentrants,  normal  for  oth- 
er species  of  Sylvilagus. 

Comparisons  With  Other  Species 

Sylvilagus  hibbardi  is  comparable  in  size  to  S. 
auduboni,  S.  floridanus,  S.  braziliensis,  and  S.  gray- 
sonr,  smaller  than  S.  aquaticus  and  S.  cunicularius; 
and  larger  than  S.  bachmani,  S.  insonus,  S.  leonen- 
sis,  S.  nuttallii,  S.  palustris,  and  V.  transitionalis.  It 
differs  from  all  known  species  of  Sylvilagus  in  the 
predominant  pattern  of  the  enamel  on  P3. 

Ecological  Replacement 

Presumably  Hypolagus  vetus  is  ecologically  re- 
placed by  Sylvilagus  hibbardi  in  the  Anza-Borrego 


1984 


WHITE-LATE  CENOZOIC  LEPORIDAE 


53 


Desert  section  (Fig.  4).  In  size  and  in  proportions 
of  the  skull  these  two  species  are  almost  identical. 
If  so,  this  is  a case  of  a leporid  of  one  ecomorph 
being  replaced  by  another  leporid  of  a different 
subfamily  but  of  the  same  ecomorph.  The  paleocli- 
mate  in  the  Anza-Borrego  Desert  section,  especially 
in  that  part  of  the  section  where  the  above  ecological 
replacement  occurs,  remained  essentially  un- 
changed, judging  from  the  lack  of  observed  change 
in  the  sediments  and  faunal  elements  in  that  part  of 
the  section  (Woodard,  1963;  Downs  and  White, 
1968). 

Pewelagus  dawsonae  was  contemporaneous  with 
Hypolagus  vetus  and  Sylvilagiis  hibbardi  in  the  Anza- 
Borrego  Desert  section  and  it  is  doubtful  that  it 
became  extinct  as  a result  of  competition  with  the 
other  leporids  known  to  occur  in  the  section.  P. 
dawsonae  is  highly  specialized  and  falls  outside  the 


heretofore  known  ecological  “spectrum”  of  lago- 
morphs. 

Leporinae,  genus  and  species  indeterminate 

Three  mandibular  fragments  of  an  advanced  lepo- 
rine were  obtained  from  the  latest  Blancan  (IVCM 
locality  113,  specimens  413  and  1275)  to  late  Ir- 
vingtonian  (LACM  locality  1906,  specimen  24889) 
part  of  the  section  (Fig.  4).  These  specimens  are 
large,  comparable  to  the  mandibles  in  Lepus  town- 
sendii and  Sylvdagus  cunicuianus (Fig.  6).  In  enamel 
patterns  of  cheek  teeth,  specimens  of  S.  cunicularius 
are  indistinguishable  from  any  North  American 
species  of  Lepus  or  Sylvi/agus.  Thus,  if  the  only 
available  characters  to  identify  a specimen  are  size 
and  enamel  patterns  on  P3,  the  specimen  cannot  be 
referred  with  certainty  to  either  Lepus  or  Sylvdagus. 


MORPHO-ECOLOGICAL  RELATIONSHIPS 


As  shown  by  White  and  Keller  (1983),  the  living 
species  of  North  American  lagomorphs  fall  into  three 
ecomorphs:  “jack  rabbit,”  “cottontail,”  and  “rock 
rabbit.”  These  ecomorphs  are  based  on  the  corre- 
lation of  proportions  of  the  skull  with  ecology.  Using 
the  information  from  living  lagomorphs  and  known 
proportions  of  extinct  forms,  one  can  infer  eco- 
morphs for  the  latter. 

Hypolagus  vetus  from  the  Anza-Borrego  Desert 
section  seems  referable  to  the  cottontail  ecomorph 
(Figs.  5 and  14).  Dawson  (1958)  suggested,  based 
on  her  analysis  of  known  characters  of  Hypolagus 
vetus  from  Thousand  Creek,  Nevada,  that  H.  vetus 
was  less  cursoreal  than  Sylvdagus,  but  closer  in  mode 
of  locomotion  to  Sylvdagus  than  to  Romerolagus. 
From  measurements  made  on  fragmentary  man- 
dibles and  maxillaries  in  this  study,  H.  vetus  from 
Thousand  Creek  seems  to  be  referable  to  the  cot- 
tontail ecomorph. 

If  Campbell’s  (1969)  analysis  of  the  limb  bones 
of  Hypolagus  cf.  H.  vetus  from  Hagerman  indicate 
locomotion  as  in  Lepus  europaeus,  then  the  species 
from  Hagerman  is  referable  to  the  jack  rabbit  eco- 
morph. 

From  the  foregoing,  it  seems  that  within  the  genus 
Hypolagus  there  is  a cottontail  and  a jack  rabbit 
ecomorph. 

Among  the  living  species  of  North  American  Lepus 
(Figs.  5 and  14),  L.  americanus  is  “ecomorphically” 
a cottontail,  whereas  L.  arcticus,  L.  californicus,  and 


L.  townsendii  are  jack  rabbits  (White  and  Keller, 
1983).  Enamel  patterns  on  P2  and  P3  cannot  be  used 
to  distinguish  between  Lepus  and  Sylvdagus  or  be- 
tween species  of  Lepus.  Lepus  and  Sylvdagus  can 
be  distinguished  from  one  another  by  the  presence 
or  absence  of  a visible  interparietal,  altricial  (Syl- 
vdagus) versus  precocial  (Lepus)  young  (Hall  and 
Kelson,  1959:246),  and  by  the  electrophoretic  pat- 
terns of  hemoglobin  (Johnson,  1968).  With  fossils, 
it  seems  probable  that  taxonomic  decisions,  in  some 
cases,  will  be  difficult  if  not  impossible.  Black  (1963), 
for  example,  referred  all  fossil  chipmunks  to  Tamias 
when  it  became  evident  that  Tamias  and  Eutamias 
could  not  be  distinguished  from  one  another  on  the 
basis  of  available  dental  and  skeletal  structures.  He 
stated,  “The  material . . . has  been  placed  in  Tamias 
as  a purely  arbitrary  assignment”  (Black,  1963: 1 29). 
White  (1953)  thought  that  chipmunks  probably  did 
not  constitute  a natural  (phylogenetic)  group.  Tami- 
as and  Eutamias,  and  probably  other  groups  of  small 
squirrels,  can  be  referred  to  a chipmunk  ecomorph. 

Pewelagus  dawsonae.— The  structure  of  the  cra- 
nium in  P.  dawsonae  suggests  an  erect  posture  sim- 
ilar to  that  in  Sylvdagus  and  Brachylagus.  This  is 
based  primarily  on  a pistol  grip-like  flexion  of  the 
posterior  end  of  the  cranium. 

The  choanae  in  Ochotona,  Pewelagus,  and  Pa- 
laeolagus  hypsodus  are  relatively  narrow,  interme- 
diate in  cottontails,  and  broadest  in  jack  rabbits  (Fig. 
5).  The  relative  width  of  the  choana  seems  to  cor- 
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Fig.  14.  — Diagram  summarizing  the  distinction  between  taxa  and  ecomorphs.  Modified  from  White  and  Keller  (1984).  The  ecomorphs 
are:  A,  rock  rabbit;  B,  cottontail;  and  C,  jack  rabbit. 


relate  broadly  with  the  degree  to  which  a species 
lives  in  a sheltered  environment.  Most  burrowing 
forms  tend  to  have  relatively  narrow  choanae. 

The  relative  width  of  choanae  also  may  correlate 
with  the  degree  to  which  animals  do  sustained  run- 


ning (Dawson,  1958).  Jack  rabbits  escape  their  ene- 
mies by  swift  and  sustained  running,  cottontails  less 
so,  and  rock  rabbits  least  of  all. 

The  flexion  of  the  posterior  end  of  the  cranium, 
the  greatly  enlarged  tympanic  bullae,  and  narrow 
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choanae  suggest  that  P.  dawsonae  lived  in  burrows 
and  escaped  snakes  and  owls  in  a manner  similar 
to  Dipodomys  (Webster,  1962).  The  aberrant  mor- 
phology of  this  genus  precludes  referring  it  to  any 
known  ecomorph. 

Palaeolagus  hypsodus.—P.  hypsodus  from  the 
Early  Miocene  is  clearly  a leporid,  yet  in  proportions 
of  the  skull  it  resembles  Ochotona.  When  measure- 
ments of  the  skull  in  P.  hypsodus  and  O.  alpina  from 
the  Soviet  Union  are  compared,  striking  similarities 
are  noted  (Table  5).  The  latter  measurements,  to- 
gether with  the  lack  of  flexion  of  the  posterior  end 
of  the  skull  and  the  ochotonid-like  postcranial  skel- 
eton in  P.  hypsodus  (Dawson,  1958),  strongly  sug- 
gest that  this  species  belongs  with  the  rock  rabbit 
ecomorph. 

Prolagus  sardus.—P.  sardus  is  clearly  an  ocho- 
tonid  but  has  some  characters  that  are  found  in 
leporids.  Dawson  (1969:184)  wrote:  “In  the  skull 
the  basicranial-basifacial  bending  indicates  that  the 
head  was  held  somewhat  more  upright  than  in  Och- 
otona, though  less  so  than  in  Romero/agus .”  She 
further  stated  (p.  187)  that  “The  range  of  move- 
ments was  probably  more  comparable  to  that  in 
Oligocene  leporids  such  as  Palaeolagus  and  Meg- 
alagus It  would  seem  that  P.  sardus  trends  toward 
a cottontail  ecomorph  to  the  same  degree  that  Rom- 
erolagus  (White  and  Keller,  1983)  trends  toward  the 
rock  rabbit  ecomorph. 

Kenvalagomys.  — Maclnnes  (1953:20)  points  out 
that  in  this  ochotonid  there  are  some  features  that 
show  striking  affinities  to  the  leporids.  These  fea- 
tures are:  degree  of  maxillary  fenestration,  invasion 


Table  5 . — Cranial  measurements  in  mm  o/Ochotona  alpina  and 
Palaeolagus  hypsodus. 


Measurements 

O.  alpina 

P.  hypsodus 

Greatest  length  of  skull 

54.2 

54.8 

Width  of  choanae 

2.7 

2.2 

APL  tympanic  bullae 

15.8 

16.0 

W tympanic  bullae 

11.2 

10.7 

Zygomatic  breadth 

22.5 

22.3 

L upper  diastema  I2-P2 

11.9 

11.5 

* Abbreviations  as  explained  in  Table  1 . 


of  the  dorsal  surface  of  the  skull  by  the  supraoccipi- 
tal,  high  occiput,  apparent  separation  of  the  lach- 
rymal and  orbito-sphenoid  by  a process  from  the 
maxilla  and  not  one  from  the  frontal,  form  of  the 
coronoid  process  and  the  anterior  wall  of  the  as- 
cending ramus,  and  the  size  and  shape  of  the  mas- 
seteric fossa.  Based  on  the  foregoing,  I consider  Ken- 
yalagomys  referable  to  the  cottontail  ecomorph. 

Romero/agus  diazi.  — This  living  species  of  lepo- 
rid is  morphologically,  ecologically,  and  behavior- 
ally  similar  to  Ochotona  (White  and  Keller,  1984). 
It  can  easily  be  referred  to  the  rock  rabbit  ecomorph, 
yet  in  the  enamel  patterns  of  the  cheek  teeth,  and 
in  other  features  of  the  skull,  R.  diazi  is  clearly  a 
leporid. 

Nekrolagus  species.  — The  striking  similarity  be- 
tween this  specimen  (LACM  24958),  the  only  known 
skull  of  this  genus,  and  Sylvilagus  nuttallii  strongly 
suggests  it  to  be  referable  to  the  cottontail  ecomorph. 
Its  smaller  size  compared  to  H.  vetus  suggests  the 
two  species  occupied  different  ecological  niches. 


DISCUSSION 


Wood  (1940),  from  what  was  known  of  pertinent 
skeletons  at  that  time,  considered  Palaeolagus  to  be 
at  approximately  the  same  stage  of  locomotive  de- 
velopment as  Ochotona,  and  Megalagus  to  have 
been  near  the  same  stage  as  Sylvilagus.  The  latter 
seems  to  be  comfirmed  by  the  relative  size  of  the 
choana  (LACM  no.:  C.I.T.  1563)  of  Megalagus  tur- 
gidus  (Dawson,  1958:  figs.  1-6).  Thus,  morpho-eco- 
logical  diversity  probably  existed  in  leporids  in  the 
Oligocene. 

Romerolagus  is  clearly  a leporid,  yet  its  skull  pro- 
portions and  habits  tend  to  resemble  those  in  och- 
otonids.  Taxonomically,  Lepus  americanus  is  in- 
deed a species  of  Lepus,  while  at  the  same  time  its 
skull  proportions  and  habits  are  as  in  Sylvilagus. 


Hence,  functionally,  L.  americanus  is  a cottontail 
and  not  a jack  rabbit  (White  and  Keller,  1984). 

White  and  Keller  (1984)  wrote  that:  “.  . . some 
osteological  characters  imply  a common  ancestry 
whereas  others  correlate  with  habits,  and  are  the 
result  of  convergence.  A distinction  needs  to  be  made 
between  a taxon  and  an  ecomorph.  This  distinction 
is  seldom  clear  since  it  involves  dealing  with  the 
interaction  between  selective  forces  and  phenotypes 
(ultimately  genotypes)  through  a spectrum  of  struc- 
tural and  functional  variations,  and  only  characters 
which  are  near  each  end  of  the  spectrum  can  provide 
distinctions.  Thus  in  lagomorphs,  characters  result- 
ing presumably  from  similar  selective  pressures  are 
identified  by  their  functions  or  presumed  functions 
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with  respect  to  habits  and  other  ecological  factors. 
Some  such  characters  are:  1.  width  of  choanae;  2. 
degree  of  development  of  supraorbital  ridges;  3.  pos- 
ture, as  implied  by  the  flexion  of  the  basicranial- 
basifacial  axis;  4.  relative  length  of  hind  foot;  and 
5.  length  of  upper  and  lower  diastemata  between 
incisors  and  cheek  teeth. 

At  the  other  end  of  the  above  spectrum,  char- 
acters that  are  presumed  to  be  ‘independent’  of  any 
apparent  selective  forces,  and  on  which  most  sys- 
tematic decisions  are  based,  are  as  follows  in  lago- 
morphs:  1.  enamel  tooth  patterns;  2.  hypsodonty 
and  degree  of  rooting  in  cheek  teeth;  3.  altricial  ver- 
sus precocial  young;  and  4.  electrophoretic  patterns 
of  hemoglobin.” 

From  the  foregoing  it  seems  likely  that  the  rock 
rabbit  and  cottontail  ecomorphs  were  already  es- 
tablished by  the  Oligocene  and  the  jack  rabbit  eco- 
morph  by  Pliocene  times.  If  the  latter  is  true,  then 


one  might  ask,  what  osteological  characters  in  och- 
otonids  or  leporids  might  be  considered  to  have 
resulted  from  a common  ancestry,  or  what  charac- 
ters indicate  ecological  relationships? 

Dawson  ( 1 969)  stated  that  a primitive  lagomorph 
would  not  be  completely  Ochotona- like  but  would 
have  features  now  associated  with  living  Leporidae 
and  lost  in  the  Ochotonidae. 

As  indicated  by  discussions  of  Dawson  (1958  and 
1969),  Wood  (1957),  and  Maclnnes  (1953),  it  is 
evident  that  distinguishing  ochotonids  from  lepo- 
rids by  osteology  is  less  feasible  than  by  patterns  of 
dentition.  This  may  very  well  be  related  to  grada- 
tions of  ecomorphic  relationships  or  of  osteological 
features  related  to  adaptation  and  not  necessarily  to 
common  ancestry.  It  would  seem,  therefore,  that  no 
known  lagomorph  can  be  considered  to  be  ancestral 
to  all  lagomorphs. 
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EVOLUTIONARY  STABILITY  AND  ECOLOGICAL  RELATIONSHIPS  OF 
MORPHOLOGY  IN  NORTH  AMERICAN  LAGOMORPHA 

John  A.  White  and  Barry  L.  Keller 


ABSTRACT 


Mastication  in  lagomorphs  probably  has  remained  essentially 
unchanged  since  the  Late  Eocene  and  may  have  contributed  to 
the  morphological  stability  of  the  order  by  profoundly  affecting 
the  shape  of  the  skull.  Analysis  of  3 1 measurements  of  1 1 species 
(34 1 means)  represented  by  2 1 1 skulls  of  leporids  and  ochotonids 
reveals  that  the  North  American  Lagomorpha  fall  into  three  eco- 
morphs  irrespective  of  taxonomic  relationships.  The  ecomorphs 


are  jack  rabbit,  cottontail,  and  rock  rabbit.  The  term  ecomorph 
is  proposed  to  include  organisms  whose  morphological  resem- 
blances resulted  from  convergence  owing  to  ecological  preference. 
Cluster  analysis  failed  to  differentiate  between  quantitative  mor- 
phological characters  that  are  ecomorphic  from  those  resulting 
from  a common  ancestry. 


INTRODUCTION 


Students  of  the  Order  Lagomorpha  have  long  pos- 
tulated that  hares,  rabbits,  and  pikas  are  character- 
ized by  evolutionary  stability  in  morphology  (Daw- 
son, 1958;  Wood,  1957).  This  stability  is  reflected 
in  the  taxonomic  characters  employed  in  classifying 
the  various  species  of  the  order,  such  as  presence  or 
absence  of  a visible  interparietal  bone,  altricial  ver- 
sus precocial  young,  and  enamel  patterns  on  the 
cheek  teeth. 

Hall  and  Kelson  (1959:246)  stated:  “Correlation 
of  structure  with  function  is  well  illustrated  among 
the  lagomorphs  by  means  employed  by  the  different 
species  to  detect  and  escape  from  their  enemies.  A 
gradient  series  is  evident  in  which  the  pikas  and  jack 
rabbits  are  the  extremes.” 


Here  we  attempt  to  quantify  the  correlation  of 
structure  and  function  with  analyses  of  skull  mea- 
surements and,  in  turn,  to  relate  these  to  broad  eco- 
logical “preferences”  in  lagomorphs.  Furthermore, 
we  suggest  that  the  functional  anatomy  of  the  chew- 
ing apparatus,  as  implied  from  scratches  on  the 
enamel  of  occlusal  surfaces  of  cheek  teeth,  is  related 
to  the  evolutionary  stability  postulated  to  exist  in 
this  order. 

Special  editor’s  note.  — This  is  the  same  paper  as  that  cited 
(under  date  of  1981)  by  J.  J.  Becker  and  J.  A.  White  and  by  the 
title  "Morpho-evolutionary  stability  and  morphoecological  re- 
lationships in  North  American  Lagomorpha”  (J.  Vert.  Paleont., 
1:218,  September  1981. 


MATERIALS  AND  METHODS 


Cranial  Comparisons 

All  measurements  were  made  with  dial  calipers  calibrated  to 
0.1  mm.  All  anatomical  terminology  is  that  of  Craigie  (1948). 

Thirty-one  measurements  were  made  in  each  of  2 1 1 skulls 
which  are  listed  by  taxon,  museum  acronym  (see  acknowledg- 
ments), and  catalog  numbers,  as  follows:  Ochotona  princeps, 
UMZM,  589,  3916,  6378,  8174-8177,  8322,  8336,  8355,  8550, 
8551,  8985,  15201,  15203,  15217,  15218,  15229;  IMNH,  7009. 
Romerlagus  diazi,  AMNH,  146939,  148172-148178,  148180, 
148181;  USNM,  57954,  174531,  174533,  174534.  Brachylagus 
idahoensis.  USNM,  23104,  30960,  31463,  5451  1,  54798,  80231, 
170030,  231440,  236412,  243294,  264350.  Sylvilagus  auduboni. 
USNM  44662,  58042,  64484,  64485,  133354,  133402,  133403, 
146527-146532,  147916,  150438,  160122,  160493,  189203, 
214126,  26305 1 . S.  cunicularius,  AMNH,  23962-23964,  23967- 
23969,  23972,  23973,  23975-23978,  24691-24698;  MDZA, 
15133.  S.floridanus.  USNM,  24118, 64035,  64036,  64042,  64049, 
64051,  64052,  70900,  76711,  77114,  78754-78756,  80334, 


189135,  189137,  232023,  245787,  264715,  264717.  5.  nuttallii, 
USNM,  311  12,  31  114,  31395,  67873,  67875,  74376,  74832, 
79278,  79279,  79367,  80184,  80186,  95556,  168341,  168350, 
168502,  169591,  170029,  234186,  276001.  Lepus  americanus. 
USNM,  23123,  56005-56007,  68710,  73697,  73698,  106861, 
116267,  129686,  170767,  180168,  189037,  189040,  189042, 
189044,  189126,  245881,  257457,  287625.  L.  arcticus,  USNM, 
7203,  23121,  23129,  23130,  23133,  78125,  78126,  114850, 
114855,  114861,  126170,  126171,  189017,  245938,  245954, 
245955,  248724,  248725,  248729,  276620.  L.  californicus, 
USNM,  3226,  23483,  23484, 43724, 43725, 44069, 4407 1 , 44380, 
55314,  55315,  58041,  63850-63852,  64289-64291,  64472, 
64473,  64490.  L.  townsendii,  USNM,  31326,  31710,  79275, 
94253,  169593,  170111,  208105,  203176,  211796-211799, 
223964-223967,  225585-225587,  264244. 

The  measurements  were  taken  as  follows  (numbers  in  paren- 
theses refer  to  Fig.  1):  length  of  cranium,  from  anterior  surface 
of  I1  to  inyon  (1-8);  length  of  cranium,  from  anterior  surface  of 


58 


1984 


WHITE  AND  KELLER -LAGOMORPH  RELATIONSHIPS 


59 


Fig.  i . — Diagram  of  a leporid  skull.  The  numbers  mark  the  points 
from  which  measurements  were  made  and  which  are  referred  to 
in  Materials  and  Methods. 


I1  to  ventral  margin  of  foramen  magnum  (1-17);  rostral  length, 
from  anterior  surface  ofl1  to  anterior  edge  of  palatal  bridge  (1- 
24);  length  of  palatine  foramen  (24-26);  width  of  palatine  fora- 
men (25-27);  least  AP  length  of  palatal  bridge  (23-24);  posterior 
edge  of  palatal  bridge  to  posterior  end  of  basisphenoid  (21-23); 
width  of  choana  posterior  to  palatal  bridge  (22);  length  of  basioc- 
cipital  (17-21);  AP  diameter  tympanic  bulla  (10-11);  width  of 
tympanic  bulla  (28-29);  distance  between  bullae  (20—28);  dorsal 
surface  of  supraoccipital  to  dorsal  margin  of  foramen  magnum 
(8-18);  width  across  occipital  condyles  (16-19);  least  postorbital 
constriction  (6-7);  depth  of  anterior  portion  of  zygomatic  arch 
(9-1 3);  zygomatic  breadth  (2-3);  width  across  supraorbital  ridges 
(least  interorbital  constriction  in  Ochotona)  (4-5);  length  of  di- 
astema P-P2  (14-15);  length  of  maxillary  tooth  row  at  wear  sur- 
face ( 1 2a— 1 4a);  length  of  maxillary  tooth  row  at  alveoli  (12-14); 
AP  length  I1;  width  I1;  width  P;  AP  length  P,;  width  P3;  length 
of  diastema  I,-P3  (30-31);  mandibular  foramen  to  condyloid 
process  (33-34);  mandibular  foramen  to  posterior  notch  of  man- 
dible (33-35);  length  of  mandibular  tooth  row  at  wear  surface 
(31a-32a);  length  of  mandibular  tooth  row  at  alveoli  (31-32). 

A cluster  analysis  (Fig.  2)  was  done  with  mean  values  derived 
from  each  of  3 1 variables  measured  in  each  of  the  1 1 species 
mentioned  above.  Sample  size  for  development  of  mean  values 
differed  between  characters  but  the  standard  deviations  were  not 
significantly  large  except  for  length  of  cranium  (1-8,  Fig.  1)  in 
Brachylagus  idahoensis  (maximum  = 3.7),  and  we  therefore  con- 
sidered the  data  poolable  within  a species.  Biomedical  Computer 
Program  BMDP— 2M  (University  of  California,  Los  Angeles) 
was  employed  to  compute  amalgamation  order  distance  from  a 
sum  of  squares  procedure  to  produce  fusions  (see  Gower,  1967). 

In  order  to  compare  the  dimensions  of  our  sample  measure- 
ments of  eight  species  of  lagomorphs,  we  have  employed  a ratio 
diagram  (Simpson  et  a!.,  1960)  for  10  mean  dimensions  which 
appear  to  show  limited  variation  within  adults  of  each  species 
(Fig.  3).  Although  the  proportions  of  the  skulls  of  Sylvilagus 
auduboni  and  S',  nuttallii  are  cottontail-like,  and  the  proportions 
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Fig.  2.  — Phenogram  with  amalgamation  order  distance  (Gower, 
1967)  demonstrating  three  species  groups;  341  means  were  used 
in  this  analysis. 


are  jack  rabbit-like  in  Lepus  townsendii,  these  were  excluded  from 
the  diagram  to  prevent  a jumble  of  lines.  Measurements  of  ju- 
venile specimens  were  excluded  in  order  to  limit  occurrence  of 
extreme  values  affecting  our  means.  Lepus  americanus  was  cho- 
sen as  the  standard  of  comparison.  The  logs  of  means  were  as- 
sumed to  be  zero,  while  the  differences  between  logs  of  the  mean 
of  the  standard  and  comparable  means  of  species  being  compared 
were  plotted  on  the  positive  (+)  or  negative  ( — ) sides  of  the  line 
at  zero.  The  lines  presented  arbitrarily  connect  the  dots  and 
represent  measurements  of  each  taxon  represented.  Sexual  di- 
morphism proved  to  be  slight;  therefore,  males  and  females  were 
combined  in  all  samples  analyzed. 

Mastication  Comparisons 

Ardran  et  al.  ( 1 958)  made  radiograph  motion  pic- 
tures of  mastication  in  Oryctolagus  cuniculus  (L.). 
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Fig.  3.  — Ratio  diagram  (Simpson  et  al.,  1960)  involving  the  means  of  10  characters  for  8 species. 


We  have  determined  that  the  same  masticatory  ac- 
tions can  be  inferred  by  the  study  of  scratches  on 
the  enamel  of  the  cheek  teeth  of  living  and  extinct 
lagomorphs.  The  scratches  on  the  ridges  of  the  tri- 
gonid  portions  of  the  lower  and  on  the  anterolophs 
of  the  upper  cheek  teeth  are  oriented  anteroposte- 
riorly,  whereas  on  the  talonids  and  on  the  postero- 
lophs  the  scratches  are  oriented  lateromedially.  Since 
the  upper  tooth  rows  are  markedly  farther  apart  than 
the  lowers,  chewing  occurs  on  one  side  at  a time 
(Ardran  et  al.,  1 958:264).  When  the  upper  and  lower 
cheek  teeth  are  brought  together  simultaneously,  they 
provide  a series  of  four  cutting  edges.  In  this  cutting 


action  the  lower  cheek  teeth  slide  anteriomediad  and 
the  high  ridges  go  down  into  the  depressions  be- 
tween them.  The  mandible  then  moves  mediad,  thus 
completing  a chewing  stroke.  Since  the  pattern  ap- 
pears fixed,  scratches  on  the  enamel  of  cheek  teeth 
were  examined  in  the  following  taxa:  Ochotona  prin- 
ceps, Brachylagus  idahoensis,  Sylvi/agus  auduboni, 
S.  cunicularius,  S.  floridanus,  S.  nuttallii,  Lepus 
americanus,  L.  arcticus,  L.  californicus,  L.  town- 
sendii,  Poelagus  majorita,  Pentalagus  furnessi, 
Romerolagus  diazi,  Hypolagus  furlongi,  H.  limne- 
tus,  H.  regalis,  H.  vetus,  Pratilepus  vagus,  Paleola- 
gus  haydeni,  and  P.  hypsodus. 


RESULTS  AND  DISCUSSION 


Analyses  of  the  measurements  obtained  in  this 
study  indicate  that  the  proportions  of  the  skull  in 


Lepus  americanus  are  more  similar  to  those  in  Syl- 
vilagus  auduboni,  S.  cunicularius,  S.  floridanus,  and 
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B.  Romerolagus  diazi 

C.  Sylvi  I agus  cunicularius 
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Fig.  4.  — Scatter  diagram  in  which  the  area  occupied  by  each  series  of  dots  representing  each  species  is  circumscribed.  Three  ecomorphs 
are  identified  by  stippling  (jack  rabbit),  unmarked  (cottontail),  and  cross-hatching  (rock  rabbits).  Numbers  in  parentheses  indicate  the 
number  of  items  in  each  sample.  Scale  in  mm. 


S.  nuttallii  than  they  are  to  L.  arcticus,  L.  califor- 
nicus,  and  L.  townsendii  (Figs.  2-3).  It  seems  sig- 
nificant that  the  habitat  occupied  by  L.  americanus 
is  similar  to  that  occupied  by  Sy/vilagus.  Both  are 
adapted  to  life  in  or  near  forests. 

According  to  Burt  (1946:243):  “Snowshoe  hares 
[Lepus  americanus ] prefer  dense  cover  during  the 
day,  but  come  out  into  open  areas  to  feed  at  night. 
. . . Customarily,  they  sit  in  forms,  or  on  the  ground 
by  an  old  log,  or  beneath  a tree  during  the  daytime. 
On  occasion  they  seek  refuge  in  hollow  logs  or  bur- 
rows in  the  ground.  When  startled  from  a resting 
spot  they  usually  bound  off  a short  distance  and  stop. 
If  pursued  they  almost  invariably  describe  a circle 
and  return  to  within  a few  yards  of  the  starting  place. 
. . . Usually,  the  hare  remains  within  a ten-acre  area, 
and  it  is  difficult  to  drive  one  out.  This  probably  is 


about  the  size  of  the  home  range.  Although  definite 
runways  are  followed,  especially  in  snow,  the  hares 
range  in  all  directions  when  feeding.” 

On  Sylvilagus floridanus  mearnsi,  Burt  (1946:248) 
wrote:  “The  cottontail  is  chiefly  nocturnal  in  habits. 
The  day  is  spent  in  some  sheltered  spot,  either  in  a 
form  in  heavy  grass,  a hole  in  the  ground,  or  the 
shelter  of  a brush  pile.  . . . The  home  range  of  an 
individual  averages  about  three  acres  for  a female 
and  eight  acres  for  a male.  Some  animals,  of  course, 
range  much  more  widely,  and  others  are  more  re- 
stricted in  their  movements.” 

Writing  on  Sylvilagus  nuttallii,  Orr  (1940:106) 
stated:  “Upon  being  disturbed,  especially  when 
feeding  in  tracts  of  sagebrush,  members  of  this  species 
usually  make  a short  run,  anywhere  from  five  to 
fifteen  yards,  away  from  the  point  of  danger.  Fol- 
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lowing  this  the  aroused  individual  will  pause,  either 
facing  directly  away  from  or  at  an  angle  to  the  source 
of  disturbance.  The  ears  are  held  erect  and  motion- 
less and  generally  the  animal  is  fairly  well  screened 
from  observation  by  the  intervening  brush.  If  any 
further  noise  or  movement  is  detected  by  the  fright- 
ened rabbit  it  will  immediately  hop  away,  following 
a semi-circular  route  so  as  to  fool  the  pursuer  and 
draw  attention  away  from  the  actual  direction  of 
retreat.” 

Regarding  Lepus  europaeus,  Burt  ( 1 946:246)  stat- 
ed: “It  does  not  burrow,  nor  does  it  customarily 
seek  refuge  in  an  underground  passage.  Instead,  it 
depends  on  its  keen  senses  and  speed  to  escape  its 
enemies  in  the  open.” 

With  respect  to  Lepus  californicus,  Orr  (1940:80) 
wrote:  “We  may  say  in  general  that  only  open  or 
semiopen  country  is  occupied.  The  extreme  open 
type  is  chosen  only  where  there  is  enough  vegetation, 
even  though  exceedingly  meager,  to  provide  suitable 
shelter  during  the  daily  resting  period.  Dense  areas 
of  chaparral  or  forested  regions,  on  the  other  hand, 
are  entirely  unsuitable  for  habitation.  Jack  rabbits, 
since  they  depend  for  protection  upon  their  ability 
to  run,  require  open  or  semiopen  land  where  speed 
can  be  attained  quickly  and  enemies  can  be  detected 
at  a considerable  distance.” 

To  summarize,  in  habits  and  manner  of  escaping 
enemies,  Lepus  americanus  resembles  Sylvilagus 
floridanus  and  S.  nuttallii,  and  not  L.  europaeus  and 
L.  californicus.  Thus  in  mode  of  living,  L.  ameri- 
canus is  a functional  cottontail  and  not  a jack  rabbit, 
and  this  relationship  correlates,  as  noted  above,  with 
proportions  of  the  skull. 

Cluster  analysis  seems  to  support  the  contention 
that  L.  americanus  is  more  closely  related  to  mem- 
bers of  the  genus  Sylvilagus  than  to  other  Lepus  (Fig. 
4).  However,  Brachylagus  idahoensis  is  shown  to  be 
nearer  Ochotona  princeps  than  to  the  other  lago- 
morphs  used  in  this  analysis,  whereas  ratio  diagrams 
(Fig.  2)  suggest  this  species  to  be  nearer  in  skull 
proportions  to  Lepus  americanus,  Sylvilagus  cunic- 
ularius,  and  5.  floridanus.  The  apparent  contradic- 
tion can  be  resolved  by  examining  the  habits  of  B. 
idahoensis.  Orr  (1940:197),  commenting  on  the 
manner  in  which  this  species  escapes  its  enemies, 
wrote,  “Most  rabbits  [B.  idahoensis ] are  rather  wary 
about  running  directly  into  their  burrows  when 
closely  followed.  Pigmy  rabbits  have  been  observed 
to  run  out  of  their  burrow  entrances  rather  than 
enter  when  suddenly  frightened.  This  appears  to  be 
a protective  type  of  behavior  resorted  to  in  order 


that  inquiry  or  pursuit  may  be  directed  away  from 
their  homes.”  Grinnell  et  al.  (1930)  synonymized 
Brachylagus  into  Sylvilagus  primarily  on  ecological 
grounds.  In  view  of  more  recent  evidence,  this  as- 
signment is  questionable,  since  Brachylagus  is  dis- 
tinct from  Sylvilagus  in  enamel  patterns  of  P2  and 
P3  (Hibbard,  1963),  and  in  the  electrophoretic  pat- 
terns of  hemoglobin  (Johnson,  1968).  Although  this 
species  is  known  to  burrow,  and  the  cluster  analysis 
of  skull  proportions  seem  to  indicate  close  relation- 
ship to  Ochotona  princeps  (Fig.  4),  its  habits  are 
essentially  as  in  other  cottontails,  and  this,  in  turn, 
correlates  with  other  analyses  of  skull  proportions 
(Figs.  2-3). 

Romerolagus  diazi  is  clearly  a leporid  as  indicated 
by  fenestrations  on  the  sides  of  the  rostrum,  enamel 
patterns  of  the  cheek  teeth,  presence  of  supraorbital 
ridges,  and  presence  of  M3.  Cluster  analysis  places 
R.  diazi  closer  to  Sylvilagus  than  to  Ochotona,  as 
one  would  expect,  however,  analysis  by  ratio  dia- 
gram indicate  skull  proportions  to  be  near  Ochotona 
princeps  and  not  Sylvilagus.  The  width  of  the  choana 
posterior  to  palatal  bridge  and  the  width  across  the 
supraorbital  ridges  are  relatively  as  in  Ochotona  and 
unlike  other  lagomorphs.  These  characters  seem  to 
correlate  with  what  is  known  of  the  living  habits  of 
R.  diazi,  which  are  similar  to  the  habits  in  Ocho- 
tona. Davis  (1944:401)  on  discussing  the  habits  of 
Romerolagus,  wrote:  “These  small  tailless  rabbits 
usually  inhabit  the  dense  stands  of  sacaton  grass  in 
the  open  meadows,  but  they  also  frequent  crevices 
in  rocky  hillsides.  They  spend  much  time  in  un- 
derground burrows,  which  seemingly  they  dig  for 
themselves,  and  when  above  ground,  largely  early 
in  the  morning  and  late  in  the  afternoon,  they  resort 
to  runways  in  the  grass.”  In  the  genus  Ochotona 
there  is  a variety  of  habitats,  from  talus  slopes  in 
O.  princeps  of  North  America  to  O.  pusilla  in  the 
steppes  of  Eurasia  (Formozov,  1966:214).  Walker 
(1964:648-649),  writing  on  the  habits  of  Ochotona, 
stated:  “Species  which  occur  in  talus  areas  live  among 
the  rocks.  Those  which  occur  in  the  plains  or  desert 
areas  dig  burrows.”  Romerolagus  diazi  is  known  to 
vocalize,  producing  a call  similar  to  that  in  O.  prin- 
ceps (Walker,  1964:654).  It  seems,  then,  that  R.  dia- 
zi lives  in  a manner  similar  to  rock  rabbits,  and  thus 
we  would  propose  separating  lagomorphs  into  three 
groupings  (Fig.  5). 

The  relative  width  of  the  choana  posterior  to  the 
palatal  bridge  seems  to  be  related  to  the  degree  of 
endurance  (Dawson,  1958)  or  the  degree  of  activity. 
This  seems  to  be  substantiated  by  noting  that  jack 
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rabbits,  such  as  Lepus  arcticus,  L.  californicus,  and 
L.  townsendii,  have  wide  choanae;  cottontails,  such 
as  Sylvilagus,  Brachylagus,  and  L.  americanus,  have 
choanae  of  intermediate  size;  and  rock  rabbits,  such 
as  Romerolagus  diazi  and  Ochotona  princeps  have 
the  narrowest  choanae  of  all.  The  length  of  hind  foot 
is  related,  in  most  cases,  to  running  ability  and  en- 
durance. Jack  rabbits  are  swift  runners,  cottontails 
are  intermediate  in  running  ability,  and  rock  rabbits 
are  the  poorest  runners  of  all.  The  hind  foot  in  L. 
americanus  is  relatively  longer  than  in  most  cotton- 
tails, reflecting  the  “snow  shoe”  adaptation.  Thus, 
the  longer  the  foot,  the  wider  the  choana.  In  this 
context  it  is  constructive  to  point  out  that  the  choana 
in  Felis  concolor,  the  cougar,  is  two  thirds  as  wide 
as  that  in  Acinonyx  trumani,  a cheetah  (Adams, 
1979;  Orr,  1969:2). 

The  width  across  the  supraorbital  ridges  (least 
interorbital  constriction  in  Ochotona)  is  related  to 
the  projection  of  the  orbit  or  line  of  vision.  The 
wider  the  supraorbital  ridges,  the  more  lateral  the 
line  of  vision.  In  jack  rabbits  the  line  of  vision  is 
lateral,  in  cottontails  (including  L.  americanus)  it  is 
intermediate,  and  in  rock  rabbits  (including  R.  dia- 
zi) it  is  dorsoanteriad  (Fig.  2). 

The  postcranial  skeleton  of  lagomorphs  needs  to 
be  studied  in  greater  detail  to  determine  if  the  mor- 
phological relationships  herein  shown  for  the  skull 
also  apply  to  the  postcranial  skeleton. 

The  upper  and  lower  diastemae  between  the  in- 
cisors and  cheek  teeth  are  proportionally  longer  in 
jack  rabbits  than  in  other  lagomorphs.  Presumably 
this  is  related  to  food  habits,  and  research  on  com- 
parative functions  of  mastication  is  needed  to  clarify 
this  relationship.  In  all  lagomorph  taxa  the  scratches 
on  the  enamel  were  found  to  be  essentially  the  same. 
Although  the  scratches  on  the  enamel  in  Mytono- 
lagus  and  other  Late  Eocene  specimens  were  not 
examined,  the  known  anatomy  of  the  cheek  teeth 
and  mandibles  strongly  suggests  that  mastication  in 
all  lagomorphs  is  uniform.  Thus  it  can  be  inferred 
that  mastication  in  the  order  has  remained  un- 
changed since  the  Late  Eocene. 

In  all  cases,  when  skulls  or  fragments  of  skulls  in 
fossil  lagomorphs  have  been  examined,  they  have 
been  compared,  character  for  character,  with  living 
species  of  ochotonids  and  leporids  (Gazin,  1934; 
Burke,  1934;  Maclnnes,  1953;  Wood,  1940;  Daw- 
son, 1958,  1969;  and  Hibbard,  1969).  Most  of  the 
skull  morphology  which  causes  lagomorphs  to  re- 
semble one  another  seems  to  be  related  to  the  zyg- 
omasseteric  structures  which  profoundly  affect  the 


Fig.  5.  — Diagram  summarizing  the  distinction  between  taxa  and 
ecomorphs. 


morphology  of  the  lagomorph  skull,  and,  in  turn, 
are  related  to  the  difference  in  diversification  be- 
tween the  lagomorphs,  which  diverged  into  two 
families,  and  the  rodents,  which  diverged  into  per- 
haps 43  families. 

The  length  of  the  pinna  seems  to  be  related  (but 
not  exclusively  so)  to  the  degree  to  which  lago- 
morphs live  in  or  near  shelter.  Jack  rabbits  have 
long  ears,  cottontails  have  intermediate  ears,  and 
rock  rabbits  have  short  ears.  L.  arcticus,  a jack  rab- 
bit, has  relatively  short  ears,  and  this  seems  to  be 
related  to  the  extreme  arctic  conditions  in  which  it 
lives. 

Clearly  phyletic  relationships  among  lagomorphs 
can  not  be  established  from  a series  of  morpholog- 
ical characteristics  that  are  treated  equally.  To  un- 
derstand the  evolutionary  history  of  the  order,  mor- 
phological characters  of  taxonomic  worth  should  be 
identified  and  distinguished  from  characters  which 
have  resulted  from  convergence.  In  attempting  to 
differentiate  between  the  two  kinds  of  morpholog- 
ical characters,  we  propose  the  term  ecomorph  to 
include  organisms  whose  morphological  resem- 
blances resulted  from  convergence  owing  to  ecolog- 
ical preference. 

In  North  American  lagomorphs  there  are  three 
ecomorphs:  Jack  rabbit  ecomorph,  which  includes 
Lepus  alleni,  L.  arcticus,  L.  ca/lotis,  L.  californicus, 
L.  flavigularis,  L.  othus,  and  L.  townsendii ; Cotton- 
tail ecomorph,  which  includes  Lepus  americanus, 
Brachylagus  idahoensis,  Sylvilagus  aquaticus,  S. 
bachmani,  S.  brazi/iensis,  S.  floridanus,  S.  insonus, 
S.  nuttallii,  S.  palustris,  and  S.  transitionalis\  and 
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Fig.  6.  — Scatter  diagram  with  data  from  Nelson  (1909).  Numbers  at  the  right  of  each  letter  indicates  the  number  of  items  in  each  sample. 
The  area  occupied  by  the  series  of  dots  representing  each  species  is  circumscribed.  Stippling  is  used  to  identify  the  genus  Lepus.  Scale 
in  mm. 


Rock  rabbit  ecomorph,  which  includes  Romerola- 
gus  diazi  and  Ochotona  princeps  (Fig.  5).  The  three 
ecomorphs  are  related  to  three  broad  habitats:  open 
country  such  as  plains,  sagebrush  flats,  tundra,  etc. 
(jack  rabbit  ecomorph);  forest  margins  and  thickets 
(cottontail  ecomorph);  and  rock  slides  and  grass- 
lands (rock  rabbit  ecomorph). 

Comparable  studies  on  such  groups  as  sciurids 
and  erethyzontids  are  almost  certain  to  lead  to  rec- 


ognition of  ecomorphs.  Tree  squirrels  ( Sciurus , 
Tamiasciurus,  etc.),  for  example,  have  a wide  in- 
terorbital breadth  whereas  in  ground  squirrels 
( Spermophilus , etc.)  it  is  far  narrower.  This  tends  to 
project  lines  of  vision  differently  in  the  two  kinds 
of  squirrels  (White,  1970:12),  thus  suggesting  tree 
squirrel  and  ground  squirrel  ecomorphs. 

It  seems,  therefore,  that  some  osteological  char- 
acters imply  a common  ancestry  whereas  others  cor- 
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relate  with  habits  and  are  the  result  of  convergence. 
A distinction  needs  to  be  made  between  a taxon  and 
an  ecomorph.  This  distinction  is  seldom  clear,  since 
it  involves  dealing  with  the  interaction  between  se- 
lective forces  and  phenotypes  (ultimately  genotypes) 
through  a spectrum  of  structural  and  functional 
variations,  and  only  characters  which  are  near  each 
end  of  the  spectrum  can  provide  distinctions.  Thus 
in  lagomorphs,  characters  resulting  presumably  from 
similar  selective  pressures  are  identified  by  their 
functions  or  presumed  functions  with  respect  to 
habits  and  other  ecological  factors.  Some  such  char- 
acters are:  1 ) width  of  choana;  2)  degree  of  devel- 
opment of  supraorbital  ridges;  3)  posture,  as  implied 
by  the  flexion  of  the  basicranial  basifacial  axis;  4) 
relative  length  of  hind  foot;  and  5)  length  of  upper 
and  lower  diastemae  between  incisors  and  cheek 
teeth. 

At  the  other  end  of  the  above  spectrum,  characters 
which  are  presumed  to  be  “independent”  of  any 
apparent  selective  forces,  and  on  which  most  sys- 
tematic decisions  are  based,  are  as  follows  in  lago- 
morphs: 1)  enamel  tooth  patterns;  2)  hypsodonty 


and  degree  of  rooting  of  cheek  teeth;  and  3)  altricial 
versus  precocial  young. 

In  summary,  we  have  shown  that  when  a lago- 
morph  hierarchy  is  intercepted,  three  clusters  ap- 
pear (Fig.  5).  Ochotona  princeps  and  Brachylagus 
idahoensis  appear  as  a distinct  group  from  the  Syl- 
vilagus  grouping  (including  Lepus  americanus  and 
Romerolagus  diazi ) and  the  remaining  species  of 
Lepus.  Such  an  analysis  fails  to  separate  the  group- 
ings of  hares,  rabbits,  and  pikas  (taxa),  or  the  group- 
ings of  jack  rabbits,  cottontails,  and  rock  rabbits 
(ecomorphs),  because  we  know  of  no  method  to 
separate  characters  which  were  convergently  devel- 
oped from  those  inherited  from  a common  ancestor. 
Cluster  analysis  thus  confirms  our  contention  that 
taxonomic  similarities  cannot  be  obtained  from 
characteristics  randomly  selected  and  analyzed  by 
methods  of  numerical  taxonomy. 

As  a check  on  our  analyses  we  obtained  “external” 
data  from  Nelson  ( 1 909)  and  plotted  the  total  length 
against  length  of  ear  from  notch  (dry).  The  results 
(Fig.  6)  show  agreement  with  our  analysis  of,  es- 
pecially, Lepus  americanus. 
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PALEOCENE  AND  EOCENE  RODENTS  OF  NORTH  AMERICA 

Craig  C.  Black  and  John  F.  Sutton 


ABSTRACT 


The  record  of  Paleocene  and  Eocene  rodents  from  North  Amer- 
ica is  reviewed.  Approximately  twice  as  many  early  Tertiary 
genera  of  rodents  are  recognized  now  as  were  at  the  time  of 
Wilson’s  earlier  review  (1949)  of  this  record.  Rodent  origins  are 
discussed,  and  a family  and  higher  level  classification  proposed. 
A family  level  review  emphasizes  the  variety  within  the  protro- 


gomorphous  rodents  and  demonstrates  several  independent  de- 
velopments of  the  sciuromorphous,  myomorphous,  and  hystn- 
comorphous  zygomasseteric  complexes.  Geographic  distribution 
of  several  late  Eocene  and/or  early  Oligocene  myomorphs  sup- 
ports the  concept  of  radiation  of  these  rodents  northward  from 
Central  American  centers. 


INTRODUCTION 


In  1 949  Robert  W.  Wilson  published  a most  com- 
prehensive and  useful  review  of  early  Tertiary  ro- 
dents of  North  America.  His  contribution  discussed 
almost  all  aspects  of  early  rodent  differentiation, 
stratigraphic  and  faunal  occurrence,  and  classifica- 
tion, together  with  detailed  summaries  of  the  evo- 
lution of  family  and  subfamily  groups.  Somewhat 
more  than  a quarter  of  a century  later,  it  seems  ap- 
propriate to  examine  some  aspects  of  the  present 
state  of  our  knowledge  of  this  group  and  we  can 
think  of  no  better  starting  point  than  Wilson’s  pre- 
vious summary'.  We  will  follow  his  format  but  only 
to  update  the  information  contained  therein;  a great 
deal  of  what  he  presented  is  as  valid  today  as  it  was 
then.  His  general  diagnoses  of  suborders  and  fam- 
ilies and  descriptions  of  genera  known  at  that  time 
will  not  be  repeated  here. 

Wilson  (1949:86)  stated  that,  as  a conservative 
estimate,  more  than  one-half  of  all  potentially  known 
North  American  early  Tertiary  rodents  had  been 
described.  At  that  time  19  genera  of  Eocene  rodents 
were  known  if  one  recognizes  “ Mysops  kalicola ” as 
distinct  from  true  Mysops.  Since  1949,  13  new  gen- 
era have  been  described  from  the  Eocene,  three  ad- 
ditional from  the  earliest  Oligocene  Porvenir  fauna 
of  Texas,  and  at  least  four  new  genera  from  the 
Eocene  are  now  being  described.  Thus,  as  many  new 
North  American  early  Tertiary  genera  have  been 
recognized  in  the  last  30  years  as  had  been  known 


from  all  work  previous  to  1949.  How  many  more 
may  yet  be  found  is  a moot  question. 

While  Wilson  considered  all  North  American  ro- 
dents from  the  late  Paleocene  into  the  early  Miocene 
in  his  review,  with  three  exceptions  we  shall  restrict 
our  coverage  to  those  occurring  in  the  Paleocene 
and  Eocene.  One  of  the  several  faunas  of  the  Vieja 
Group  in  Trans  Pecos  Texas  poses  a particular  prob- 
lem. The  Porvenir  local  fauna  (J.  A.  Wilson,  1978; 
Wood,  1974)  is  considered  to  be  of  earliest  Oligo- 
cene age.  However,  J.  A.  Wilson  (1978:37)  suggested 
that  it  is  of  the  same  age  as  the  La  Point  fauna  of 
Utah,  which  most  workers  consider  to  be  Duches- 
nean,  latest  Eocene.  A number  of  the  Porvenir  ro- 
dents bear  closer  resemblance  to  late  Eocene  species 
elsewhere  than  they  do  to  early  Oligocene  ones.  This 
may  be  due  to  the  longer  temporal  persistence  of 
some  lineages  in  the  southern  parts  of  their  range, 
or  it  may  indicate  an  actually  older  age  for  the  Porv- 
enir fauna.  Whether  latest  Eocene  or  earliest  Oli- 
gocene, the  rodents  of  the  Porvenir  will  be  discussed 
in  this  paper. 

Likewise,  two  rodent  assemblages  from  Mexico, 
both  quite  small,  will  be  considered.  Those  from  the 
Rancho  Gaitan  local  fauna  are  again  of  late  Eocene 
or  early  Oligocene  age,  quite  similar  to  those  from 
the  Porvenir  assemblage.  Rodents  from  near  Gua- 
najuato in  central  Mexico  are  of  unknown  age  but 
are  of  late  Eocene  or  early  Oligocene  aspect. 


STUDIES  SINCE  1949 


Much  new  information  concerning  rodent  evo- 
lution and  occurrence  has  accumulated  since  1949. 
Of  particular  significance  is  the  work  done  by  A.  E. 
Wood  on  Eocene  ischyromyids  and  on  the  new  ro- 


dent assemblages  from  Texas  (Wood,  1973,  1974) 
and  the  overall  review  of  the  Rodentia  by  Stehlin 
and  Schaub  (1951).  Faunas  with  new  rodents  from 
the  Big  Horn  Basin  (Bown,  1979)  and  the  Wind 
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River  Basin  (Guthrie,  1967,  1971)  have  been  de- 
scribed. A major  new  mid-Eocene  suite  of  rodents 
has  been  discovered  in  Utah  (Dawson,  1968)  and 
additional  work  has  been  done  on  the  California 
faunas  (Golz  and  Lillegraven,  1977;  Lillegraven, 
1977;  Lindsay,  1 968)  and  those  from  the  Green  Riv- 
er Basin  in  Wyoming  (West,  1973).  The  general  pic- 
ture, geographically,  is  shown  in  Fig.  1 . 

In  addition  to  the  new  taxa  described  since  1949, 
much  new  information  has  been  gained  on  species 


only  poorly  known  at  that  time,  both  through  re- 
covery of  new  material  and  through  reexamination 
of  the  older  collectings  using  new  techniques.  Stud- 
ies by  Wahlert  (1974)  on  the  cranial  foramina  of 
rodents  and  on  the  microstructure  of  incisor  enamel 
(Wahlert,  1968  and  in  progress)  and  work  by  Guth- 
rie (1963)  and  Bugge  (1974)  on  the  carotid  circu- 
lation in  rodents  are  useful  approaches  to  solving 
the  problems  of  rodent  relationships. 


RODENT  ORIGINS 


Although  there  has  been  a significant  increase  in 
our  knowledge  of  rodent  differentiation  since  Wil- 
son’s 1949  review,  there  has  been  essentially  no  new 
information  on  rodent  origins.  This  is  not  to  say, 
however,  that  there  has  not  been  considerable  spec- 
ulation and  discussion  of  the  topic. 

The  earliest  reported  rodent  is  still  Paramys  ata- 
vus  from  the  late  Paleocene  Eagle  Coal  Mine,  Bear 
Creek,  Montana.  Wood  (1962)  reviewed  the  mate- 
rial of  P.  atavus  and  an  additional  tooth  was  de- 
scribed by  McKenna  (1961).  Wood  (1962:252-254) 
discussed  the  various  speculations  concerning  ro- 
dent origins  and  suggested  an  early  to  early-middle 
Paleocene  date  for  their  differentiation.  He  favored 


a possible  common  ancestry  with  the  primates.  In 
a discussion  of  the  tarsus  of  early  eutherians,  Szalay 
and  Decker  (1974:257)  advocated  a paleoryctid  or 
leptictid  ancestry  for  rodents.  McKenna  (1975:37) 
agreed  and  suggested  that  rodents  may  have  arisen 
from  a Cimolestes-Mke  stock  in  the  latest  Cretaceous 
or  earliest  Paleocene.  In  the  classification  of  the 
Mammalia  presented  in  that  paper  (McKenna,  1 975: 
40-41),  he  leaves  the  rodents  as  Cohort  Epitheria, 
incertae  sedis,  not  assigning  the  order  to  his  Grand- 
order  Ferae,  to  which  Cimolestes  is  basal.  More  re- 
cently, some  suggestion  of  rodent  affinities  has  been 
seen  in  the  Paleocene  eurymylid  Heomys  (Li,  1977). 


CLASSIFICATION 


In  the  classification  presented  here  we  restrict  our 
coverage  to  those  higher  taxonomic  units  repre- 
sented in  the  North  American  record  (see  Fig.  2). 
The  classification  in  part  follows  Wood  (1 955,  1 962), 
but  there  are  a number  of  modifications.  Within  the 
Suborder  Protrogomorpha  we  recognize  two  super- 
families. We  follow  Simpson  ( 1 945),  Wilson  ( 1 949), 
and  Black  ( 1 968#,  1971)  in  placing  the  Paramyidae 
(Wood,  1962)  in  the  Family  Ischyromyidae.  The 
Prosciurinae  are  transferred  from  the  Ischyromyi- 
dae to  the  Aplodontidae  following  Rensberger 
(1975).  In  light  of  Wahlert’s  (1973)  work  on  Pro- 
toptychus,  the  Family  Protoptychidae  is  not  placed 
subordinally.  This  form  may  well  prove  to  be  more 
closely  related  to  the  South  American  Caviomorpha 
than  to  any  other  group.  The  Eutypomyidae  are  re- 
moved from  the  Castorimorpha  and  the  Gliridae 
from  the  Myomorpha  with  both  families  left  with- 
out subordinal  allocation.  As  we  learn  more  about 


early  rodent  differentiation,  it  becomes  increasingly 
apparent  that  the  sciuriomorph,  myomorph,  and 
hystricomorph  zygomasseteric  structure  evolved  in- 
dependently several  times  for  each  condition. 

Order  Rodentia  Bowditch,  1821 

Suborder  Protrogomorpha  Zittel,  1893 
Superfamily  Ischyromyoidea  Wood,  1937 
Family  Ischyromyidae  Alston,  1896 
Family  Sciuravidae  Miller  and  Gidley,  1918 
Family  Cylindrodontidae  Miller  and  Gidley, 
1918 

Superfamily  Aplodontoidea  Matthew,  1910 
Family  Aplodontidae  Trouessart,  1887 
Family  Mylagaulidae  Cope,  1881 
Uncertain  Suborder 

Family  Protoptychidae  Wood,  1937 
Uncertain  Suborder 

Family  Eutypomyidae  Miller  and  Gidley,  1918 


Fig.  1.  — Map  showing  location  of  principal  rodent  occurrences.  1,  Guanajuato.  2,  Vieja  Group  Texas.  3,  Poway  Formation.  4,  Sespe 
Formation.  5,  San  Juan  Basin.  6,  Fluerfano  Formation.  7,  Sand  Wash  Basin.  8,  Powder  Wash  Green  River  Formation.  9,  Uinta  Basin. 
10,  Washakie  Basin.  11,  Bndger  Basin.  12,  Fowkes  Formation.  13,  Wind  River  Formation.  14,  Badwater  Localities.  15,  Big  Sandy- 
New  Fork  Area.  16,  Big  Horn  Basin.  17,  Shoddy  Springs.  18,  Swift  Current  Creek. 
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Lophiparamys  woodi 
Thisbemys  perditus 
Reithroparamys  pattersoni 
Leptotomus  grandis 
Leptotomus  costilloi 
Paramys  huerfanensis 
Reithroparamys  huerfanensis 
Reithroparamys  delicatissimus 
Thisbemys  nini 
Leptotomus  huerfanensis 
Reitaroparamys  matthewi 
Paramys  wyomingensis 
Paramys  delicatior 
Microparamys  minutus 
Paramys  delicatus 
Pseudotomus  robustus 
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Ischyrotomus  superbus 
Ischyrotomus  horribilis 
Microparamys  wilsoni 
Thisbemys  plicatus 
Leptotomus  parvus 
Microparamys  wyomingensis 
Ischyrotomus  oweni 


Paramys  atavus 
Paramys  excavatus 
Paramys  copei 
Lophiparamys  murinus 
Franimys  buccatus 
Paramys  francesi 
Franimys  amherstensis 
Leptotomus  loomsi 
Pseudotomus  coloradensis 
Franimys  lysitensis 
Lophiparamys  debequensis 
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• • • • • • 
• • • • • • 
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Fig.  2.  — Distribution  of  early  Tertiary  species  of  rodents  in  North  America.  Species  are  listed  by  family  in  approximate  order  of 
stratigraphic  occurrence.  Microparamys  lysitensis  from  the  Lysite  fauna  was  inadvertently  omitted.  Only  named  species  are  listed  with 
literature  references  to  Paramys  sp.,  Microparamys  sn.,  etc.  not  included. 
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Suborder  Sciuromorpha  Brandt,  1855 
Superfamily  Sciuroidea  Gill,  1872 
Family  Sciuridae  Gray,  1821 
Suborder  Castorimorpha  Wood,  1955 
Superfamily  Castoroidea  Gill,  1872 
Family  Castoridae  Gray,  1821 
Suborder  Myomorpha  Brandt,  1855 

Superfamily  Muroidea  Miller  and  Gidley,  1918 
Family  Cricetidae  Rochebrune,  1883 
Family  Muridae  Gray,  1883 
Family  Arvicolidae  Gray,  1821 
Superfamily  Dipodoidea  Weber,  1904 
Family  Zapodidae  Coues,  1875 
Family  Dipodidae  Waterhouse,  1842 
Superfamily  Geomyoidea  Weber,  1904 

Family  Eomyidae  Deperet  and  Douxami,  1902 
Family  Heteromyidae  Allen  and  Chapman, 
1893 

Family  Geomyidae  Gill,  1872 

Suborder  Protrogomorpha 

This  suborder  is  now  most  frequently  used  to  unite 
those  rodent  families  in  which  there  has  been  no 
specialization  of  the  masseter  muscle  complex  and 
hence  modification  of  the  zygoma,  snout,  and  in- 
fraorbital foramen.  The  origin  of  the  masseter  is 
limited  to  the  ventral  surface  of  the  zygoma  in  all 
cases  but  one,  and  the  infraorbital  foramen  is  mod- 
erately large  and  circular.  The  dental  formula  is  1 / 1 , 
0/0,  2/1,  3/3  except  in  mylagaulids  where  P3,  and, 
in  some  forms,  M3/3  are  lost. 

It  is  quite  probable,  as  A.  E.  Wood  has  stated  in 
numerous  publications  (see  particularly  1962),  that 
all  other  rodents  evolved  from  this  group.  It  also  is 
becoming  clear  that  the  myomorphous,  sciuromor- 
phous,  and  hystricomorphous  conditions  each  arose 
more  than  once  from  the  protrogomorphous  con- 
dition. Two  superfamilies  make  up  the  Suborder, 
the  Ischyromyoidea  and  the  Aplodontoidea. 

Family  Ischyromyidae 

A great  deal  has  been  written  about  members  of 
this  family  since  1949  with  work  done  by  Wood 
(1962,  1974,  and  1976)  being  of  paramount  impor- 
tance. The  classification  followed  here  recognizes  a 
single  family  in  contrast  to  Wood,  who  recognizes 
two  families,  the  Paramyidae  and  the  Ischyromyi- 
dae, for  the  rodents  here  considered  to  belong  in  the 
Ischyromyidae.  Regardless  of  the  level  of  taxonomic 
separation,  we  believe  there  is  agreement  that  these 
rodents  are  more  closely  related  to  one  another  than 
they  are  to  any  other  rodent  family. 


Wood  (1976,  Table  2)  separates  Ischyromys  and 
Titanotheriomys  from  all  other  ischyromyids  on  the 
basis  of  zygomasseteric  structure  and  supposed 
changes  in  a number  of  cranial  foramina.  Black 
(1968a,  1971)  considered  Titanotheriomys  to  be  a 
synonym  of  Ischyromys  and  included  all  para- 
myines  within  the  single  Family  Ischyromyidae. 
Wood  (1976:374)  states,  “whether  Titanotheriomys 
was  sciuromorphous  or  myomorphous,  it  clearly  had 
no  relationships  with  other  sciuromorphous  or  myo- 
morphous rodents  and  seems  to  have  left  no  de- 
scendants.” Specimens  referred  to  “ Titanotherio- 
mys” actually  display  the  entire  range  of 
zygomasseteric  structure  from  protrogomorphous  to 
“ subsciuromorphous"  with  only  the  extreme  sub- 
sciuromorphous  skulls  possibly  distinguishable  from 
Ischyromys.  This  entire  series  of  forms  clearly  has 
a close  relationship  to  typical  Ischyromys,  which  in 
turn  appears  to  have  evolved  from  a Leptotomus- 
like  paramyine.  Ischyromys  may  well  be  represented 
in  the  late  Eocene  (Black,  1971:203),  suggesting  a 
late  Bridgerian  or  early  Uintan  origin  for  the  genus. 

Of  the  new  genera  of  ischyromyids  described  since 
1949,  Microparamys  (Wood,  19596)  is  perhaps  the 
most  significant.  Microparamys  is  known  through- 
out the  Eocene  and  into  the  early  Oligocene  in  North 
America  and  from  the  early  Eocene  of  Europe.  This 
genus  has  been  discussed  by  Wood  (1962)  and  by 
Dawson  (1966,  1968,  1974)  and  both  have  sug- 
gested that  Microparamys  may  have  shared  a com- 
mon ancestry  with  the  Sciurividae.  Hartenberger 
(1971)  thought  the  European  early  Eocene  Micro- 
paramys were  ancestral  to  the  Gliridae.  Dawson 
(1974:149)  suggested  that  the  disappearance  of  Mi- 
croparamys in  North  America  may  have  been  re- 
lated to  the  radiation  of  eomyids  in  the  early  Oli- 
gocene. 

Other  genera  of  ischyromyids  not  known  prior  to 
1949  appear  to  be  closely  related  to,  but  more  spe- 
cialized than,  Paramys  and  Leptotomus.  These  in- 
clude Mytonomys  (Wood,  1956;  Black,  19686)  and 
Thisbemys  ( Wood,  1 9596).  Franimys  (Wood,  1962) 
is  close  to  Reithroparamys.  New  material  of  Pseu- 
dotomus,  Ischyrotomus,  and  Manitsha  has  shown 
that  these  genera  are  closely  related  and  form  a phy- 
letic  sequence. 

Family  Sciuravidae 
(By  Mary  R.  Dawson) 

Wilson  ( 1 949:96-98)  pointed  out  clearly  the  mor- 
phological distinctions  of  the  Sciuravidae  (treated 
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by  him  as  the  Subfamily  Sciuravinae,  Family  Is- 
chyromyidae)  from  other  Eocene  rodents.  “Of  prime 
importance”  to  Wilson  was  the  pattern  of  the  upper 
molars,  which  have  a well  developed  hypocone  sep- 
arated from  the  protocone  by  a pronounced  valley, 
reduction  of  conules,  and  several  different  types  of 
lophs.  The  phylogenetic  importance  of  the  sciura- 
vids  was  also  emphasized  by  Wilson  (1949:96-98, 
122,  152-155),  who  considered  them  the  best  pos- 
sible ancestral  group  known  at  the  time  for  the  di- 
podoids,  muroids,  and  geomyoids. 

The  family  still  stands  as  a distinctive  unit.  Work 
since  1949  has  added  the  genera  Knightomys  and 
Dawsonomys  (Gazin,  1961,  1962),  although  the  lat- 
ter may  not  be  a sciuravid;  has  filled  in  the  fossil 
record  of  the  family,  which  ranges  from  Lysitean  to 
Duchesnean;  and  has  contributed  to  its  known  mor- 
phological picture  (Dawson,  1961,  1962,  1966,  1968; 
Wood,  1959 a,  1965).  The  family  is  exclusively  an 
Eocene  one,  unless  the  early  Oligocene  genus  Yod- 
erimys,  usually  considered  an  aberrant  eomyid,  is  a 
sciuravid.  It  is  also  exclusively  a North  American 
family,  as  various  references  to  questioned  (Daw- 
son, 1964;  Li,  1975)  or  definite  (Shevyreva,  1976) 
sciuravids  from  Asia  have  been  demonstrated  to  be 
incorrect  (Wood,  1977). 

Although  the  fossil  record  does  not  show  clearly 
the  origin  of  the  sciuravids,  they  are  probably  de- 
rived from  small-sized  ischyromyids  near  the  Fran- 
imys  group  (Wilson,  1949,  as  “ Paramys  buccatus 
group”)  or  the  microparamyines  (Wood,  1 962).  The 
years  since  1 949  have  produced  no  more  convincing 
ancestral  stock  for  the  “myomorphs”  than  the  sci- 
uravids, which  tends  to  strengthen  Wilson’s  position 
on  this  question.  The  record  is  especially  complete 
for  the  North  American  derivation  of  the  eomyids 
from  sciuravids. 

Family  Cylindrodontidae 

Much  new  material  of  this  family  has  been  de- 
scribed since  1949,  particularly  from  the  late  Eocene 
and  earliest  Oligocene.  The  earliest  known  cylin- 
drodontid  is  still  Mysops  from  the  Bridgerian.  Daw- 
sonomys woodi  of  the  La  Barge  fauna  of  Lost  Ca- 
binian  age  (Gazin,  1961)  may  be  related  to  Mysops 
(W.  Korth,  personal  communication).  Dawsonomys 
woodi  had  previously  been  considered  to  be  a sci- 
uravid. Mysops  boskeyi  from  the  middle  Eocene  of 
southwest  Texas  (Wood,  1974)  is  quite  similar  to 
late  Eocene  Pareumys  (Black,  1970,  1974)  and  may 
belong  in  that  genus. 


By  the  late  Eocene  a variety  of  cylindrodontids 
are  known  from  California,  Utah,  and  Wyoming. 
There  are  several  species  of  Pareumys,  with  P. 
guensburgi  (Black,  1970a)  from  the  La  Point  Mem- 
ber of  the  Duchesnean  River  Formation  in  Utah, 
the  largest  and  most  high-crowned  species  of  the 
genus.  It  was  probably  close  to  the  ancestry  of  Jay- 
wilsonomys  of  the  Rancho  Gaitan  fauna  of  north- 
eastern Chihuahua,  Mexico  (Ferrusquia  and  Wood, 
1967). 

A second  group  of  cylindrodonts,  also  probably 
descended  from  Mysops,  are  Pseudocylindrodon  and 
Ardynomys.  Pseudocylindrodon  tobeyi  (Black,  1 9706, 
1974),  known  from  the  late  Eocene,  is  probably  not 
far  removed  from  the  ancestry  of  the  Oligocene  Cy- 
lindrodon.  Both  Pseudocylindrodon  and  Cylindro- 
don  are  known  from  the  Porvenir  fauna  of  the  Big 
Bend  in  Texas. 

Family  Aplodontidae 

For  many  years  the  earliest  member  of  the  aplo- 
dontids  was  considered  to  be  Eohaplomys  of  the 
late  Eocene  of  California.  However,  recent  work  by 
Rensberger  (1975)  has  shown  that  Eohaplomys  is 
most  probably  not  an  aplodontid  and,  in  fact,  has 
nothing  to  do  with  the  origins  of  that  family.  Rens- 
berger has  demonstrated  a derivation  of  the  aplo- 
dontid Haplomys  from  prosciurine  rodents,  a re- 
lationship earlier  put  forth  by  Matthew  (1910)  and 
McGrew  (1941),  and  has  moved  the  Prosciurinae 
from  the  Ischyromyidae  to  the  Aplodontidae.  Eo- 
haplomys is  shown  to  be  quite  different  from  pro- 
sciurines  and  is  left  as  a specialized  late  Eocene  is- 
chyromyid. 

Black  (1971)  described  a new  genus  of  rodent, 
Spurimus,  from  the  late  Eocene  of  Badwater,  Wy- 
oming, which  he  related  most  closely  to  the  pro- 
sciurines.  Two  species  of  Spurimus  occur  at  Bad- 
water, one  stratigraphically  above  and  temporally 
later  than  the  other.  The  differences  between  the 
earlier  S.  se/byi  and  the  later  S.  scotti  demonstrate 
reduction  in  the  size  and  length  of  the  hypolophid, 
in  the  size  of  the  metalophid  and  trigonid  basin,  and 
in  the  size  of  the  hypocone.  This  general  trend  would 
have  continued  from  Spurimus  into  the  Oligocene 
prosciurines.  The  origins  of  Spurimus  within  the 
ischyromyids  are  not  clear  but  the  prosciurines  do 
not  have  any  special  relationship  to  either  Rapamys 
or  Mytonomys  (Black,  1 968 b).  Their  origins  are  per- 
haps within  the  Paramys  delicatus  group  as  sug- 
gested by  Wood  (1962). 
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Uncertain  Suborder 
Family  Protoptychidae 

Study  of  new  material  of  Protoptychus  from  the 
Washakie  Basin  and  a reexamination  of  the  type 
skull  and  a second  facial  region  by  Wahlert  (1973) 
has  raised  some  additional  questions  about  this  very 
enigmatic  rodent.  Protoptychus , with  an  enlarged 
infraorbital  foramen  and  indication  that  the  anterior 
part  of  the  medial  masseter  passed  through  the  fo- 
ramen, is  clearly  hystricomorphous.  The  lower  jaw 
also  appears  to  be  hystricognathous.  The  dentition 
is  tetralophate  with  a small  P-1  and  molariform  P4. 

This  suite  of  characters  removes  the  Protophy- 
chidae  from  the  protrogomorph  rodents,  although 
an  ancestry  within  the  Ischyromyidae  or  Cylindro- 
dontidae  seems  most  probable.  Whether  Protopty- 
chus has  any  special  relationship  to  the  South  Amer- 
ican Caviomorpha  is  unclear. 

Family  Eutypomyidae 

In  1949  this  family  was  known  from  a single 
Chadronian  and  Orellan  genus,  Eutypomys.  New 
species  of  Eutypomys  have  since  been  described  from 
the  early  Miocene  of  Montana  (Wood  and  Koni- 
zeski,  1965),  from  the  early  Miocene  of  South  Da- 
kota (J.  R.  Macdonald,  1970)  and  from  the  Porvenir 
local  fauna  of  Texas  (Wood,  1974)  but  the  family 
still  remains  an  enigmatic  one.  Contrary  to  Wahlert 
(1977)  there  does  not  appear  to  be  any  close  rela- 
tionship between  eutypomyids  and  castorids  (Wood, 
1974). 

A single  upper  incisor  from  the  late  Eocene  Can- 
deleria  local  fauna  of  Texas  was  referred  to  the  Eu- 
typomyidae by  Wood  (1974:97).  Dawson  (1966) 
described  Janimus  rhinophilus  from  Utah,  placing 
it  with  question  in  the  Family  Ischyromyidae  (Para- 
myidae  in  that  paper).  However,  she  noted  (1966: 
106)  that  “a  certain  similarity  is  found  between  the 
pattern  on  the  lower  molars  of  Janimus  and  that  of 
an  early  eutypomyid  from  the  Chambers  Tuff,  Vieja 
Group  of  Texas,  now  being  studied  by  A.  E.  Wood.” 
Wood  in  his  discussion  of  that  species  from  the 
Porvenir  fauna,  which  he  named  Eutypomys  inex- 
pectatus,  stated  (1974:96),  “there  is  a distinct  pos- 
sibility, however,  that  J.  rhinophilus  is  a collateral 
ancestor  (of  Eutypomys)  and  that  a southern  species 
of  Janimus  that  lived  during  Uinta  time,  might  have 
been  the  actual  ancestor  of  the  Eutypomyidae.” 

We  tentatively  place  Janimus  in  the  Eutypomyi- 
dae and  follow  Dawson  (1966)  in  regarding  a mi- 
croparamyine  ancestry  for  the  family  as  most  prob- 


able. She  also  suggested  a close  relationship  of 
“ Mysops ” kalicola  with  this  group. 

Suborder  Sciuromorpha 

This  suborder  includes  some  of  those  rodents  in 
which  the  lateral  masseter  has  enlarged  and  ex- 
panded forward  up  the  front  of  the  zygoma  and  onto 
the  snout;  the  infraorbital  foramen  is  compressed 
into  a narrow  slit;  and  the  dentition  is  quite  similar 
to  that  of  the  paramyines  with  some  specialization 
in  more  recent  forms.  The  dental  formula  is  1/1, 
0/0,  2-1/1,  3/3. 

Family  Sciuridae 

No  members  of  this  family  are  as  yet  known  be- 
fore the  early  Oligocene  and  there  is  now  some  doubt 
as  to  whether  the  earliest  known  occurrence,  IPro- 
tosciurus jeffersoni  (Black,  1 965),  should  be  included 
in  the  Sciuridae  or  removed  to  the  Ischyromyidae. 
Study  of  the  new  skull  and  skeletal  material  of  IPro- 
tosciurus  jeffersoni  from  Flagstaff  Rim,  Wyoming, 
demonstrates  that  this  species  was  close  to  the  actual 
ancestry  of  the  Sciuridae  but  that  it  was  completely 
protrogomorphous.  The  skeleton  is  currently  under 
study  by  Richard  Thorington  at  the  National  Mu- 
seum of  Natural  History  and  he  indicates  (personal 
communication)  that  it  is  almost  indistinguishable 
from  that  of  modern  Sciurus  niger.  The  skull  and 
dentition  are  being  studied  by  Emry  and  Black  and 
demonstrate  a sciurid  dentition  with  a protrogo- 
morphous zygomasseteric  complex. 

Wood  (1962)  named  the  genus  Uriscus  based  on 
a jaw  with  M,-M3  that  was  first  described  by  Wilson 
( 1 940)  from  the  Poway  Conglomerate  of  California. 
This  specimen  is  clearly  not  separable  from  Reith- 
roparamys  (Black,  1971).  It  seems  likely  that  squir- 
rels evolved  during  the  early  Oligocene  through 
changes  in  their  zygomasseteric  structure,  but  re- 
tained many  of  the  ischyromid  skeletal  and  dental 
features.  They  certainly  appear  to  be  North  Amer- 
ican in  origin. 

Suborder  Myomorpha 

This  suborder  includes  those  rodents  in  which  the 
masseter  may  pass  up  in  front  of  the  zygoma,  through 
the  zygoma,  or  both.  The  dentition  is  generally  lo- 
phate,  although  occasionally  it  is  tubercular.  The 
dental  formula  is  1/1,  0/0,  1-0/ 1-0,  3-2/3-2. 

Superfamily  Geomyoidea 

Only  the  Eomyidae  are  definitely  known  from  the 
late  Eocene  with  the  other  families,  Heteromyidae 
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and  Geomyidae,  appearing  in  the  early  Oligocene 
and  late  Oligocene  respectively.  However,  as  dis- 
cussed later,  Griphomys  is  most  probably  a geo- 
myoid  and  the  heteromyid  Heliscomys  may  be  pres- 
ent in  the  late  Eocene.  There  is  a great  deal  of  new 
early  Oligocene  material  referable  to  the  Eomyidae 
(Black,  1965;  Wood,  1974)  and  the  Heteromyidae 
(Harris  and  Wood,  1969;  Emry,  1972a). 

Family  Eomyidae 

Protadjidaumo  typus  (Burke,  1934)  was  the  first 
eomyid  to  be  recorded  from  the  Eocene.  It  was  orig- 
inally described  from  the  latest  Eocene,  late  Du- 
chesnean  La  Point  fauna  but  several  undescribed 
species  of  this  genus  also  are  known  to  occur  at 
Badwater  (Black  and  Dawson,  1 966).  The  only  other 
eoymyid  with  Eocene  representation  is  Namatomvs, 
reported  from  the  Ventura  Basin  of  California  by 
Lindsay  ( 1 968).  Contrary  to  Lindsay  ( 1968: 1),  “TVa- 
matomys”  fantasma  is  probably  an  early  specialized 
eomyid  with  no  direct  ancestral  relationship  to  other 
muroids.  Wahlert  (1978)  studied  the  cranial  foram- 
ina of  a variety  of  Oligocene  members  of  the  family 
and  concluded  that  the  Eomyidae  cannot  be  ances- 
tral to  the  Heteromyidae  and  Geomyidae  but  most 
probably  share  a common  ancestry  with  them.  He 
would  include  only  the  Heteromyidae  and  Geo- 
myidae in  the  Geomyoidea,  would  raise  the  eomyids 
to  superfamily  rank,  the  Eomyoidea,  and  would  place 
both  superfamilies  in  the  Infraorder  Geomorpha  as 
a sister  group  to  an  unnamed  infraorder  composed 
of  the  Myoxoidea,  Dipodoidea,  and  Muroidea.  While 
Hartenberger  ( 1 97 1 ) is  probably  correct  in  deriving 
the  Gliridae  from  Microparamys,  a common  origin 
of  dipodoids  and  muroids  from  the  same  stock  is 
far  less  certain.  In  fact,  cricetids  and  zapodids  seem 
to  be  more  closely  related  to  sciuravids  than  to  Mi- 
croparamys. We  therefore  retain  the  Superfamily 
Geomyoidea  for  the  Eomyidae,  Heteromyidae,  and 
Geomyidae,  placing  it  in  the  Suborder  Myomorpha. 
From  this  we  remove  the  Gliridae  (Myosoidea), 
leaving  that  group  without  subordinal  assignment. 

Suborder  Castorimorpha 

This  suborder  includes  those  rodents  with  an  en- 
larged lateral  masseter  which  expands  in  front  of  the 
zygoma,  squeezing  the  infraorbital  foramen  against 
the  snout.  The  cheek  teeth  are  generally  lophodont 
and  hypsodont  based  upon  five  cross  crests.  The 
dental  formula  is  1/1,  0/0,  2-1/1,  3/3. 


Family  Castoridae 

Wilson  ( 1 949: 1 1 0)  said  “.  . . the  Eocene  ancestors 
of  the  Castoridae  have  not  been  recognized.”  This 
is  still  true.  Emry  (19727>)  described  a new  species 
of  Agnocastor  from  the  Flagstaff  Rim  area,  referring 
to  it  as  the  oldest  species  known  for  the  Family 
Castoridae.  However,  that  material  sheds  no  new 
light  on  the  ancestry  of  the  family  and  beavers  are 
still  unknown  in  the  late  Eocene.  Neither  are  cas- 
torids  represented  in  the  early  Oligocene  fauna  of 
Texas.  Wood  (1974:104)  has  suggested  a possible 
Middle  American  origin  for  the  Castoridae,  but  a 
northern  center  of  origin  separate  from  that  of  eu- 
typomyids  would  seem  more  likely  to  us. 

Genera  of  Problematic  Affinities 

Several  genera  of  late  Eocene  rodents  are  impos- 
sible to  assign  with  any  confidence  to  a particular 
family.  Of  these,  Simimys  has  been  considered  to 
be  a possible  cricetid  (Wilson,  1 949;  Lindsay,  1968, 
1977)  or  a questionable  zapodid  (Wood,  1974;  Lil- 
legraven  and  Wilson,  1975).  Griphomys,  also  from 
the  California  Duchesnean,  has  generally  been  con- 
sidered to  be  a geomyoid  (Wilson,  1949;  Lindsay, 
1968;  Lillegraven,  1977;  Wood,  1980),  although 
whether  it  should  be  a geomyid,  heteromyid,  or 
eomyid  has  been  debated.  New  material  of  both  of 
these  genera  from  the  late  Eocene  of  California,  the 
discovery  of  1 Simimys  in  Utah  (Dawson,  1 966),  and 
of  IGriphomys  in  the  earliest  Oligocene  along  Pil- 
grim Creek  in  northwest  Wyoming  (Sutton  and 
Black,  1975)  has  done  nothing  to  clarify  their  re- 
lationships. 

Of  the  two,  the  assignment  of  Griphomys  to  the 
Geomyoidea  seems  more  secure  than  any  familial 
or  superfamilial  allocation  of  Simimys  might  be. 
Simimys  has  been  assigned  to  the  ?Zapodidae  by 
Lillegraven  and  Wilson  (1975).  However,  as  those 
authors  note,  the  absence  of  P4  in  Simimys  and  its 
presence  in  all  Tertiary  zapodids  poses  a severe 
problem  for  this  placement.  Their  work  argues  that 
Simimys  should  be  removed  from  any  direct  rela- 
tionship with  cricetid  or  murid  origins.  Lindsay 
(1977),  however,  argues  that  Simimys  should  be 
considered  basal  to  the  Cricetidae. 

Emry  (1972a)  and  Wood  (1974)  have  made  a 
strong  case  for  a close  relationship  among  Gripho- 
mys; the  early  Oligocene  heteromyid  Heliscomys, 
which  may  already  be  present  in  the  late  Eocene 
(Dawson,  personal  communication);  and  Melia- 
krouniomys,  known  from  the  early  Oligocene  of 
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Texas.  Wood  places  the  last  genus  in  the  Eomyidae; 
Emry  places  it  in  the  Heteromyidae.  All  three  genera 
have  rather  simple,  four-cusped,  bilophate  molars. 
Griphomys  toltecus  has  perhaps  the  most  primitive 
molar  morphology  of  the  three  genera,  retaining  a 
mesoconid-mesolophid  structure  not  present  in  Me- 
liakrouniomys  and  Heliscomys.  Lillegraven  (1977: 
248)  refers  to  a new  and  distinct  genus  of  rodent 
very  similar  to  material  called  “ Namatomys ” fan- 
tasma  (Lindsay,  1968)  as  being  possibly  close  to  the 
ancestry  of  Griphomys.  Another  genus  which  may 
belong  in  this  early  geomyoid  group  is  F/oresomys 
from  beds  of  perhaps  late  Eocene  or  early  Oligocene- 
age  near  Guanajuato,  Mexico  (Fries  et  al.,  1955; 
Black  and  Stephens,  1973).  Floresomys  was  initially 
assigned  to  the  Sciuravinae  (Sciuravidae)  but  it  is 
quite  different  from  other  sciuravids  in  having  ba- 
sically bilophate  molars  with  no  protocone/hypo- 
cone  or  protoconid/hypoconid  connection.  P1 2 3 4/4  are 
reduced  over  those  of  sciuravids  and  are  closer  to 
those  of  heteromyids  than  sciuravids.  The  ancestry 
of  this  geomyoid  complex  may  ultimately  be  found 
in  the  Sciuravidae  close  to  a form  such  as  Pauromys 
(Dawson,  1968). 

Two  other  genera.  Prolapsus  (Wood,  1973)  and 
Guanajuatomys  (Black  and  Stephens,  1973),  also 
defy  familial  placement  at  the  present  time.  Both 
are  hystricognathous  although  they  differ  from  each 
other  in  all  other  respects,  including  their  mode  of 
hystricognathy.  In  Prolapsus , the  angle  arises  lateral 
and  ventral  to  the  incisor  alveolus,  while  in  Guana- 
juatomys the  angle  arises  lateral  and  dorsal  to  the 
incisor  alveolus.  The  cheek  teeth  also  differ  mor- 
phologically; those  of  Prolapsus  are  sciuravid-like 
whereas  those  of  Guanajuatomys  are  more  similar 
to  ischyromyids.  Those  two  genera  and  Protopty- 
chus  suggest  an  early  and  heretofore  unknown  ra- 
diation of  hystricognathous  rodents  in  North  Amer- 
ica. This  hystricognathy  is  totally  removed  from  the 
so-called  incipient  hystricognathy  (Wood,  1962:1 17) 


1 . The  details  of  the  origin  of  rodents  are  no  clear- 
er today  than  in  1949. 

2.  As  many  genera  of  early  Tertiary  North  Amer- 
ican rodents  have  been  described  since  1 949  as  were 
known  at  that  time. 

3.  It  still  appears  likely  that  all  rodents  differen- 
tiated from  a protrogomorphous  paramyine  ischy- 

romyid  stock. 


of  Reithroparamys,  a condition  we  cannot  find  in 
numerous  jaws  of  that  genus  that  we  have  examined. 

Wood  (1974:102)  has  proposed  the  possible  ex- 
istence of  a distinctive  rodent  fauna  in  Central 
America  during  the  Eocene,  from  which  the  Ca- 
viomorpha  of  South  America  may  have  evolved 
together  with  the  problematic  Simimys,  Griphomys, 
Floresomys,  Prolapsus,  and  Guanajuatomys  and 
several  of  the  early  Oligocene  genera  found  in  Texas. 
He  suggests  that  their  presence  in  Mexico,  Southern 
California,  and  Texas  represents  a northern  migra- 
tion from  this  Middle  American  center. 

The  concept  has  a certain  appeal,  particularly  as 
it  suggests  a place  of  origin  for  the  Geomyoidea  in 
the  middle  Eocene  to  early  late  Eocene,  with  a rather 
rapid  spread  northward.  Floresomys,  Griphomys, 
and  Meliakrouniomys  could  well  be  a part  of  this 
early  diversification.  Simimys  could  represent  an 
early  development  of  the  cricetid-like  dentition,  to- 
gether with  the  early  Oligocene  cricetid  Nonomys 
(Emry  and  Dawson,  1972),  known  from  the  Flagstaff 
Rim  area  of  central  Wyoming.  Emry  and  Dawson 
(1972:10)  describe  Nonomys  as  having  a greater 
similarity  to  later  hesperomyine  cricetids  than  to 
the  eumyine  Oligocene  members  of  the  family.  Oth- 
ers have  suggested  (Black,  1964;  Patterson  and  Pas- 
cual,  1972:294-296)  a Middle  American  center  of 
origin  for  the  hesperomyine  cricetids,  which  invad- 
ed South  America  at  the  end  of  the  Pliocene.  Sim- 
imys and  Nonomys  may  represent  northern  immi- 
grants of  an  early  group  of  rodents  that  developed 
reduced  dentitions  with  simplified  cricetid-like 
morphologies  from  sciuravids  in  such  a Central 
American  center.  This  would  suggest  that  the  New 
World  Hesperomyinae  (Cricetidae)  have  a much 
longer  and  more  isolated  history  than  previously 
supposed.  The  great  variety  of  hesperomyines,  some 
40  genera  in  South  America  today,  may  also  indicate 
a long  history  of  diversification  for  the  subfamily. 


4.  The  sciuromorphous,  myomorphous,  and  hys- 
tricomorphous  zygomasseteric  complexes  evolved 
several  times  independently. 

5.  There  is  some  evidence  for  a Central  American 
radiation  of  myomorph  rodents  from  sciuravids,  and 
for  a subsequent  spread  northward  of  eomyids  and 
cricetids  late  in  the  Eocene. 
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ON  MESOGAULUS  PANIENSIS  (RODENTIA)  FROM 
HEMINGFORDIAN  (MIDDLE  MIOCENE)  DEPOSITS  IN 
NORTHEASTERN  COLORADO 

Edwin  C.  Galbreath 

ABSTRACT 

Previously  undescribed  cranial,  denial,  and  postcranial  spec-  of  P4  suggest  that  M.  paniensis  is  in  a line  approaching  Myla- 

imens  of  Mesogaulus  paniensis  from  the  middle  Miocene  of  Quarry  gaulus.  The  Mylagaulidae  may  be  more  diverse  taxonomically 

A,  Martin  Canyon,  northeastern  Colorado,  contribute  to  under-  than  had  been  recognized, 
standing  the  morphology  and  phylogeny  of  this  rodent.  Features 


INTRODUCTION 


W.  D.  Matthew  (1902)  named  and  described  My- 
lagaulus  paniensis  on  the  basis  of  a fragment  of 
lower  jaw  with  the  fourth  premolar  and  the  anterior 
end  of  the  incisor.  Cook  and  Gregory  (1941)  as- 
signed the  species  to  the  genus  Mesogaulus.  Wilson 
(1960)  published  a detailed  analysis  of  specimens 
from  the  Martin  Canyon  Local  Fauna  (Galbreath, 
1953)  that  have  been  assigned  to  Mesogaulus  pan- 
iensis. Following  is  new  information  concerning 
Mesogaulus  paniensis  from  the  Quarry  A area  of 


Martin  Canyon.  KU  specimen  numbers  refer  to  ma- 
terial in  the  Museum  ofNatural  History,  University 
of  Kansas,  Lawrence.  This  list  of  specimens  repre- 
sents innumerable  hours  of  searching  conducted  in 
almost  every  year  since  1956.  While  specimens  were 
found  only  in  the  Quarry  A area,  the  search  covered 
other  parts  of  Martin  Canyon  and  other  deposits  in 
Logan  County  containing  the  Martin  Canyon  Local 
Fauna. 


DESCRIPTION  OF  SPECIMENS 


Snout  and  mandible;  KU  160;  Fig.  1A  and  IB.— 
So  far  as  I know.  Fig.  1A  and  IB  provide  the  only 
known  illustration  of  the  snout  and  mandible  dis- 
cussed by  Wilson.  Photographs  presented  to  me  by 
H.  H.  Lane  were  used  to  make  this  illustration. 

Since  commenting  on  this  specimen  in  1953,  I 
am  more  convinced  than  I was  then  that  KU  160 
was  collected  by  H.  T.  Martin  in  1925  in  the  area 
of  Quarry  A,  where  most  of  the  Martin  Canyon 
Local  Fauna  was  found.  Undoubtedly  Martin  was 
acquainted  with  the  wealth  of  exposed  fragments  at 
the  site  of  the  future  Quarry  A,  since  he  was  a mem- 
ber of  the  American  Museum  Expedition  that  vis- 
ited the  area  in  1898. 

Central  part  of  skull;  KU  47268;  Fig.  1C,  D,  and 
E.  — This  fragment  of  the  skull  is  notable  for  the  fine 
preservation  of  the  cheek  teeth,  including  ample  evi- 
dence of  cement  covering  the  crowns,  infraorbital 
canal,  and  frontal  bone.  The  frontal  bone  was  in 
close  association  with  but  not  actually  united  to  the 
principal  part  of  the  specimen.  The  P3  nestles  in  the 


antero-internal  concavity  of  P4  with  the  tip  slightly 
curved  posteriorly. 

Dimensions  of  the  parts  are  presented  in  an  ap- 
pendix. 

Part  of  frontals  and  parietals;  KU  55301;  Fig. 
2 A.  — These  fragments  of  the  skull  roof  show  the 
temporal  crests  uniting  to  form  the  sagittal  crest, 
which  extends  posteriorly  to  the  lambdoidal  crest. 
There  is  no  way  to  determine  the  development  of 
the  lambdoidal  crest  but  presumably  it  was  weak 
like  the  sagittal  crest.  The  space  between  these  frag- 
ments in  the  illustration  is  a minimal  estimation 
based  on  the  probable  curve  of  the  temporal  crests. 

Small  parts  of  the  zygomatic  arches  found  in  as- 
sociation with  the  frontals  and  parietals  indicate  that 
the  arch  was  strong  and  mylagaulid-like. 

Dimensions  of  the  skull  roof  fragments  are  indi- 
cated in  Fig.  2A. 

Fourth  upper  premolar.  — A damaged  upper  pre- 
molar of  Mesogaulus  paniensis  shows  that  the  buc- 
cal arm  separated  from  the  anterofossette  about  5.5 
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Fig.  1 .—Mesogaulus  paniensis  (Matthew).  A:  ventral  view  of  anterior  part  of  the  skull,  KU  160.  B:  dorsal  view  of  lower  jaws,  KU  160. 
C:  anterior  view  of  skull  fragment.  D:  palatal  view  of  skull  fragment.  E:  dorsal  view  of  associated  fragment  of  frontal  bone,  all  KU 
47268.  F:  distal  end  of  right  humerus,  KU  55303.  G:  left  P4,  KU  55302.  The  mottled  light  and  dark  coloration  of  this  specimen  causes 
a deceptive  view  of  the  occlusal  surface. 
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Fig.  2 .—Mesogaulus  paniensis  (Matthew).  A:  fragments  of  frontal  and  parietal  bones,  KU  55301.  B:  left  P4,  KU  9364  (from  Galbreath, 
1953,  fig.  24).  C:  left  P4,  KU  55302. 


mm  above  the  base  of  the  crown  and  continued  as 
a separate  fossette  to  the  base  of  the  crown.  This 
separation  is  consistent  with  Cook  and  Gregory’s 
report  (1941)  on  Mesogaulus  praecursor  but  cer- 
tainly unlike  the  separation  of  the  lingual  arm  from 
the  “Y”  reported  by  Black  and  Wood  (1956)  for 
Mesogaulus  novellus. 

The  P4  has  two  strong  inner  roots  (the  posterior 
being  dominant)  and  a small  postero-external  root. 
The  tips  of  the  roots  curve  outward  and  in  the  case 
of  the  postero-external  root  the  tip  causes  a bulge 
on  the  lateral  wall  of  the  maxillary. 

Fourth  lower  premolar;  KU  55302;  Fig.  1G  and 
2C.  — Probably  the  most  interesting  specimen  of 
Mesogaulus  paniensis  from  Martin  Canyon  is  a vir- 
tually unworn  left  P4.  The  crown  has  seven  fossae. 
Its  occlusal  surface  is  a “plateau”  with  metaloph- 
ulid,  mesoconid,  and  ectolophid  well  developed; 
metafossettid  and  entofossettid  completely  en- 
closed; and  anteroflexid,  protoflexid,  hypoflexid,  and 
a lingual  invagination  (mesoflexid  of  Mylagaulus ) 
almost  closed.  Bordering  this  plateau  with  its  deep 
fossae  are  the  anteroconid,  metaconid,  entoconid, 
and  hypoconid  “hills.”  Although  Fig.  1G  does  not 
show  it,  deep  (1.5  mm)  in  the  cavity  of  the  antero- 
flexid one  can  see  the  spur  projecting  from  the 
metalophulid  to  the  anteroconid,  forming  the  small 


fossettid  (Fig.  2C),  which  appears  as  a “lakelet”  after 
wear  (Fig.  2B).  It  is  beyond  the  evidence  of  this  one 
tooth  to  determine  whether  the  spur  developed  to 
cut  off  part  of  the  anteroflexid  or  if  this  fossettid  is 
the  result  of  an  earlier  invagination  between  the 
anteroconid  and  metaconid.  The  “lingual  invagina- 
tion” has  part  of  the  external  wall  damaged  (Fig. 
2C)  but  it  too  must  have  had  a narrow-mouthed 
“valley”  opening.  Probing  this  fossa  shows  this  in- 
vagination to  be  a deep  fossettid  that  may  have 
joined  with  the  entoconid  — an  impression  in  keep- 
ing with  the  outline  of  the  entofossettid  in  Fig.  2B. 

This  specimen  has  a pattern  closely  similar  to  the 
one  unworn  P4  of  Mylagaulus  laevis  (Kennesaw  Lo- 
cal Fauna,  northeast  Colorado)  that  I have  seen.  The 
principal  differences  are  those  of  proportion:  My- 
lagaulus laevis  has  a small  metafossettid  and  a long 
mesoflexid. 

Dimensions  of  this  tooth  are  presented  in  the  Ap- 
pendix. 

Distal  end  of  humerus;  KU  55303;  Fig.  IF.  — This 
damaged  distal  end  of  a humerus  shows  that  Me- 
sogaulus paniensis  had  developed  the  burrowing 
specialization  equal  to  that  of  the  later  mylagaulids. 

Dimensions  of  the  fragment  are  presented  in  the 
Appendix. 
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REMARKS 


Combining  the  measurements  of  the  various  spec- 
imens, I estimate  that  the  skull  and  skeleton  of  Me- 
sa gaulus  paniensis  was  about  three  quarters  of  the 
size  of  Mylagau/us  laevis.  Certainly  the  unworn  P4 
of  Mesogaulus  paniensis  shows  a complicated  pat- 
tern that  is  not  matched  by  other  mesogaulids.  With 
the  material  at  hand  I think  that  Mesogaulus  pan- 
iensis was  more  like  Mylagaulus  than  was  once  re- 
alized. 

The  upper  and  lower  premolars  of  Mesogaulus 
paniensis  and  Mesogaulus  praecursor  offer  some  ba- 
sis for  speculation  about  Mesogaulus  novellas  (Mat- 
thew). Black  and  Wood  (1956:684)  considered  the 
possibility  that  Mesogaulus  novellas  might  be  a side 
line  off  the  main  evolutionary  history  of  the  genus. 
Concerning  Mesogaulus  novellas,  these  authors 
commented  on  the  separation  of  the  lingual  arm 
from  the  Y fossette  of  P4  with  wear  and  associated 
the  anterconid  of  P4  with  the  buccal  side  of  the  tooth. 
These  features  are  the  reverse  of  the  condition  found 
in  Mesogaulus  paniensis  and  Mesogaulus  praecur- 
sor. If  these  differences  prove  to  be  reliable,  Meso- 
gaulus novellas  might  better  be  placed  in  a new  ge- 
nus. 

The  terminology  of  occlusal  structures  of  the  my- 
lagaulid  premolars  is  of  special  interest.  Wood  and 
Wilson  (1936)  presented  a nomenclature  for  teeth 
of  rodents  that  is  sound.  Admittedly,  it  is  not  easy 
to  use  in  working  with  worn  teeth  of  mylagauhds 
unless  one  understands  the  development  of  the  teeth. 
I think  McGrew’s  (1941:20)  use  of  “invagination” 
to  explain  the  origin  of  some  fossettes  and  fossettids 
is  useful.  The  invaginations  had  their  origin  in  the 
enamel  margins  and  became  part  of  the  crowns.  In 
Mesogaulus  paniensis  I have  interpreted  the  meta- 
fossettid  as  an  invagination  that  was  followed  by  a 
second  invagination,  the  mesoflexid,  which  en- 
croached on  and  closed  off  the  metaflexid  and  made 
it  a metafossettid.  In  the  unworn  P4  of  Mylagaulus 
laevis  referred  to  above,  the  encroachment  resulted 
in  a reduced  metafossettid  and  an  elongate  meso- 
flexid. 

I am  mindful  of  the  problems  that  these  premolars 
present.  Comments  on  variability  preface  most  dis- 
cussions about  the  teeth  of  the  mylagaulids.  Vari- 
ability should  be  evaluated  with  regard  to  which 
“variations”  are  differences  between  species,  and 
which  are  variations  occurring  within  species.  Vari- 
ations of  occlusal  patterns  within  a species  are  in- 


timately associated  with  development  of  the  crowns 
of  the  teeth  but  how  often  will  studies  of  such  de- 
velopment be  possible?  In  this  paper  I have  placed 
a high  value  on  the  pristine  crowns  of  Mesogaulus 
paniensis,  Mesogaulus  praecursor,  and  Mesogaulus 
novellas.  Probably  this  is  justified  since  the  fourth 
premolars  are  the  dominant  cheek  teeth. 

I suspect  there  are  more  species  than  are  recog- 
nized in  the  Mylagaulidae  and,  if  so,  I think  the 
failure  to  recognize  systematic  diversity  owes  to  lack 
of  material  and  a tendency  to  oversimplify  evolu- 
tion in  the  Mylagaulidae.  A case  in  point  is  the 
reference  of  Barstovian  and  Hemphillian  material 
to  the  laevis  and  monodon  entities  respectively  re- 
gardless of  the  incompatibility  of  some  of  the  oc- 
clusal patterns  or  geographic  locations— Webb  ( 1 966: 
410)  cited  a good  analogy  of  this  problem  of  geo- 
graphic locality  with  his  reference  to  the  specialized 
burrowing  geomyids.  If  the  unworn  crowns  and  sub- 
sequent occlusal  patterns  are  of  taxonomic  value, 
then  I realize  that  these  remarks  practically  commit 
me  to  regard  Mylagaulus  douglassi  McKenna  and 
Mylagaulus  kinseyi  Webb,  with  their  additional  dis- 
tinctive features,  as  two  different  genera. 

The  comments  I have  presented  should  be  re- 
garded as  a speculative  exploration  of  what  the  fea- 
tures of  the  premolars  might  signify.  My  tenets  are: 
(1)  the  diversity  of  the  burrowing  geomyids  suggests 
that  a similar  diversity  could  have  occurred  in  the 
Mylagaulidae;  (2)  changes  in  the  occlusal  pattern  of 
a tooth  are  initiated  in  the  formation  of  the  tip  of 
the  tooth  (the  first  part  to  be  formed)  and  those 
changes  with  a positive  selection  value,  more  tritu- 
rating surface  in  the  P4  in  this  case,  are  subsequently 
incorporated  into  the  crown  of  the  tooth;  and  (3) 
separation  of  the  lingual  arm  from  the  “Y”  of  P4 
and  the  association  of  the  anteroconid  with  the  buc- 
cal side  of  P4  are  a combination  of  features  of  taxo- 
nomic value  that  separate  Mesogaulus  novellas  from 
Mesogaulus  paniensis  and  Mesogaulus  praecursor 
where  the  buccal  arm  separates  from  the  “Y”  in  P4 
and  the  anteroconid  is  associated  with  the  lingual 
side  in  P4. 

Consequently,  I think  there  are  lines  of  evolu- 
tionary diversity  in  the  mesogaulids  and  mylagau- 
lids and  that  the  P4  indicates  that  Mesogaulus  pan- 
iensis was  in  a line  showing  an  approach  to  the 
condition  seen  in  Mylagaulus. 
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APPENDIX 


Dimensions  of  specimens  of 
Mesogaulus  paniensis  in  millimeters 

Anterior  end  of  skull,  KU  160  (Fig.  1A-B).—See  Wilson,  1960. 

Palate  and  frontal  bone,  KU  47268  (Fig.  I C-F).  — P4-M’  length 
at  alveolar  border:  R 13.40;  L 14.40.  P4-M3  length  at  occlusal 
surface:  R 12.30;  L 12.35.  P3  ap  and  tr  dimensions  at  base:  R & 
L;  1.7,  1.5.  P4  ap  and  tr  occlusal  dimensions:  R 6.10,  5.03;  L 
6.25,  5.02.  P4  ap  and  tr  alveolar  dimensions:  R 6.98,  5.41;  L 
7.10,  5.44.  P4  height,  occlusal  surface  to  tip  of  postero-intemal 
root:  10.39.  M2  ap  and  tr  occlusal  dimensions:  R 3.40,  4.55;  L 
3.15,  4.19.  M2  estimated  height  from  occlusal  surface  to  tip  of 


root:  <4.00.  M3  ap  and  tr  occlusal  dimensions:  R 2.80,  3.06;  L 
2.80,  3.25.  Width  of  external  borders  of  alveoli  at  P4:  17.32. 
Width  of  external  borders  of  alveoli  at  M3:  1 1.20.  Width  from 
midline  to  lateral  edge  of  zygoma:  17.20.  Length  of  postorbital 
process:  3.85. 

Left  P4,  KU  55302  (Figs.  1G  and  2C).—  Ap  and  tr  dimensions 
of  tip  of  crown:  5.20,  3.50.  Greatest  ap  and  tr  dimensions  of 
crown:  8.20,  4.60.  Height  of  greatest  ap  and  tr  dimensions  from 
base  of  crown:  3.50.  Greatest  height  of  crown:  10.40.  Estimated 
height  of  crown  plus  roots:  12.5. 

Distal  end  of  humerus,  KU  55303  (Fig.  IF).  — Width  of  dam- 
aged distal  end:  14.60,  estimated  width  17.00. 


A SURVEY  OF  TERTIARY  SPECIES  OF  PEROGNATHUS 
(PEROGNATHINAE)  AND  A DESCRIPTION 
OF  A NEW  GENUS  OF  HETEROMYINAE 

James  E.  Martin 

ABSTRACT 


During  investigation  of  the  sediments  and  rodent  faunas  of  the 
Hemphillian  (Miocene)  of  northern  Oregon,  two  new  species  of 
pocket  mice  were  collected.  The  smaller  is  a perognathine,  Per- 
ognathus  stevei  new  species,  and  appears  to  be  closely  related  to 
the  extant  species,  P.  parvus.  The  second  new  taxon,  Oregonomys 
new  genus,  is  a heteromyine  whose  morphology  parallels  that  of 


Dipodomys  and  includes  the  species:  O.  pebblespringsensis  new 
species,  O.  sargenti,  and  O.  magnus.  The  latter  two  species  were 
previously  regarded  as  large  species  of  Perognathus.  A phyloge- 
netic line  can  be  traced  from  O.  pebblespringsensis  to  O.  magnus 
on  the  basis  of  morphological  features  and  stratigraphic  position. 


INTRODUCTION 


Since  R.  W.  Wilson’s  (1937)  review  of  the  Hemp- 
hillian rodents,  only  J.  A.  Shotwell  ( 1956,  1970)  has 
added  extensively  to  the  knowledge  of  rodent  faunas 
in  the  Northwest.  My  interest  in  the  faunas  of  north- 
ern Oregon  came  through  collections  made  by  Willis 
Fry.  As  an  associate  of  the  Burke  Museum  at  the 
University  of  Washington,  Fry  collected  many  spec- 
imens from  the  Ordnance  (Westend  Blowout)  lo- 
cality, including  a few  complete  Spermophilus  and 
Hypolagus  dentaries.  From  this  and  other  localities 
across  northern  Oregon  (Fig.  1),  I assembled  one  of 
the  largest  collections  of  Hemphillian  rodents  on 
the  West  Coast.  The  sample  is  large  enough  to  dem- 
onstrate intraspecific  variation  for  most  taxa,  in- 
cluding the  pocket  mice  discussed  in  this  contri- 
bution. 

Geological  observations  and  collections  of  ver- 
tebrate fossils  were  obtained  from  three  regions  in 
northern  Oregon  from  sediments  assigned  to  the 
Dalles  Formation  by  Newcomb  (1966,  1971)  and 
considered  to  be  of  Hemphillian  age  (Shotwell,  1956, 
1958).  The  Ordnance  locality,  which  lies  about  10 
miles  south  of  the  Columbia  River,  no  longer  exists 
as  a source  of  fossil  vertebrates.  It  has  been  culti- 
vated by  Saber  Farms,  Inc.,  who  graciously  allowed 
me  to  collect  before  the  area  was  destroyed.  The 
collection  made  from  this  square-mile  blowout  is  of 
immense  proportions.  Although  a fauna  from 
McKay  Reservoir,  the  second  area  collected,  had 
been  described  (Shotwell,  1956),  the  additional 
specimens  collected  provide  increased  knowledge  of 
the  morphology  of  described  species,  add  new  ele- 
ments to  the  fauna,  and  give  a better  indication  of 
the  age  and  environment  represented.  These  spec- 
imens were  found  in  siltstones  and  sandstones  on 


the  eastern  edge  of  McKay  Reservoir,  south  of  Pen- 
dleton, Oregon,  from  about  500  ft  of  lateral  expo- 
sure. The  vertical  distribution  is  somewhat  limited, 
but  fossils  have  been  found  in  place  from  the  upper 
50  ft.  The  third  region,  south  of  Arlington,  Oregon, 
consists  of  numerous  localities  in  a small  geograph- 
ical area.  From  about  10  square  mi  on  the  Henry 
Krebs  Ranch,  12  localities  produced  fossil  mam- 
mals described  in  this  report.  Of  these,  3 have  been 
described  previously:  Kreb’s  Ranch  I,  University  of 
Oregon  locality  3222;  Kreb’s  Ranch  II,  University 
of  Oregon  locality  2323,  and  California  Institute  of 
Technology  locality  375  (Shotwell,  1958;  Hutchi- 
son, 1968).  All  12  localities  (Arlington  3-15)  were 
stratigraphically  collected  from  a section  with  3 suc- 
cessive units:  a conglomerate  layer,  a buff  sandstone 
and  siltstone  unit,  and  a red  siltstone  capped  by  a 
caliche  layer.  Only  one  locality,  Arlington  1 5 (Kreb’s 
Ranch  I)  overlies  the  caliche  layer  by  approximately 
50  ft,  and  one  locality,  Arlington  13,  is  a reworked 
Pleistocene  sandstone  below  the  conglomerate  layer. 
Although  the  specimens  from  this  latter  locality  can- 
not be  used  for  biostratigraphic  analysis  and  syn- 
thesis, their  structures  are  identical  to  those  from 
the  upper  units,  and  can  therefore  be  used  for  their 
additional  morphological  data. 

Of  the  two  genera  described  herein,  this  is  the  first 
report  of  Perognathus  from  Ordnance  and  Arling- 
ton. Shotwell  (1956)  mentioned  a few  fragmentary 
specimens  from  McKay  Reservoir.  From  this  lo- 
cality, he  also  described  a large  species  with  a brach- 
yodont  dentition,  Perognathus  sargenti,  and  Za- 
krzewski  (1969)  named  Perognathus  magnus  from 
the  Hagerman  fauna  in  Idaho.  Collections  from 
McKay  Reservoir  have  produced  additional  speci- 
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Fig.  1.  — Map  of  the  study  area. 
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mens  of  P.  sargent i,  and  Philip  Bjork  collected  a 
well  preserved  dentary  of  P.  magnus  from  Hager- 
man.  These  additional  specimens  indicate  the  oc- 
currence of  two  genera  of  pocket  mice  at  each  lo- 
cality: Perognathus  sensu  stricto  and  Oregonomys 
new  genus.  The  latter  genus  includes  the  large  species 
from  Arlington  and  Ordnance,  O.  pebblespringsen- 
sis  new  species,  the  species  from  McKay  Reservoir, 
O.  sargenti,  and  that  from  Hagerman,  O.  magnus. 

All  measurements  are  in  mm  and  probabilities  were  calculated 


by  using  the  Fisher  2x2  contingency  tables  (See  Rensberger, 
1971). 

Abbreviations— Morphological  and  Statistical:  AP,  anteropos- 
terior measurement;  CV,  coefficient  of  variation;  N,  number  of 
specimens;  OR,  observed  range;  S,  standard  deviation;  T,  trans- 
verse measurement;  X,  mean. 

Abbreviations— Institutional:  MCZ,  Museum  of  Comparative 
Zoology,  Harvard;  SDSM,  South  Dakota  School  of  Mines  & 
Technology;  UALP,  University  of  Arizona,  Laboratory  of  Pa- 
leontology; UMMP,  University  of  Michigan,  Museum  of  Pa- 
leontology; UO,  University  of  Oregon;  UWBM,  University  of 
Washington,  Burke  Museum. 
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SYSTEMATIC  PALEONTOLOGY 


Geomyidae  Gill,  1872 
Perognathinae  Wood,  1935 
Perognathus  Maximilian,  1839 

Perognathus  stevei , new  species 

Holotype.  — UWBM  57153,  maxillary  with  P4-M2. 
Type  locality.  — Ordnance  locality  (A8803). 
Stratigraphic  position.  — Dalles  Formation,  sensu 
lato  (Newcomb,  1971). 

Age.  — Hemphillian. 

Referred  specimens.  — UWBM  57150,  40  upper  incisors; 
UWBM  57151,  rostrum  (edentulous);  UWBM  57152,  maxillary 
with  P4-M2;  UWBM  57154,  maxillary  with  P4-M‘;  UWBM 
57155-57156,  maxillaries  with  P4;  UWBM  57157-57160,  max- 
illaries  with  M'-M2;  UWBM  57161,  M';  UWBM  57162,  M2; 
UWBM  57163-57164,  dentaries  with  P„-M,;  UWBM  57165, 
dentary  with  P4-M2;  UWBM  57166-57169,  dentaries  with  P4; 
UWBM  57170-57171,  dentaries  with  lower  incisor;  UWBM 
57172-57173,  M,;  from  locality  A8803,  Ordnance. 

UWBM  57175,  69  upper  incisors,  28  lower  incisors;  UWBM 
57176,  rostrum  with  incisor;  UWBM  57177-57178,  maxillaries 
with  P4-M2;  UWBM  57179-57180,  maxillaries  with  P4-M'; 
UWBM  57181  maxillary  with  broken  P4  and  complete  M'-M2; 
UWBM  57 1 82-57 1 84,  57 1 86,  maxillanes  with  P4;  UWBM  57185, 
maxillary  with  M2-M3;  UWBM  57187,  maxillary  (edentulous); 
UWBM  57 1 88,  P4;  UWBM  57189,  dentary  with  P4-M,;  UWBM 


57206,  dentary  with  M,-M2;  UWBM  57207,  dentary  with  M2; 
UWBM  57208-57210,  dentanes  (edentulous);  UWBM  57211- 
57212,  M,;  from  the  buff  siltstones  and  sandstones  at  locality 
CO  127,  Arlington  14. 

UWBM  57214,  2 upper  incisors,  1 lower  incisor;  UWBM  57213, 
3 upper  incisors,  3 lower  incisors;  UWBM  572 1 7,  maxillary  with 
P4;  UWBM  57218,  dentary  with  lower  incisor,  P4;  UWBM  57219- 
57220,  dentaries  with  lower  incisor;  UWBM  57221,  M,;  from 
the  buff  siltstones  and  sandstones  at  locality  CO  120,  Arling- 
ton 7. 

UWBM  57222,  8 upper  incisors,  6 lower  incisors;  UWBM 
57223,  dentary  with  M,-M3;  from  locality  CO  126,  Arlington  13. 

UWBM  57224,  3 upper  incisors,  2 lower  incisors  from  the 
conglomerate  layer  at  locality  B1533,  Arlington  4. 

UWBM  57225,  lower  incisor  from  the  conglomerate  layer  at 
locality  CO  125,  Arlington  12. 

UWBM  57226,  upper  incisor,  2 lower  incisors  from  the  buff 
siltstones  and  sandstones;  UWBM  57227-57228,  lower  incisors 
from  the  top  of  the  buff  siltstones  and  sandstones;  locality  B 1 532, 
Arlington  3. 

UWBM  57229-57232,  lower  incisor,  upper  incisor  from  buff 
siltstones  and  sandstones;  UWBM  57233,  5 upper  incisors,  3 
lower  incisors;  UWBM  57234,  maxillary  with  M'-M2;  UWBM 
57235,  dentary  with  P4;  from  the  base  of  the  red  siltstones;  locality 
CO  124,  Arlington  1 1. 

UWBM  57236,  dentary  with  incisor;  UWBM  57237,  2 upper 
incisors;  from  the  base  of  the  red  siltstone  from  locality  CO  122, 
Arlington  9. 
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Table  {.—Significance  of  difference  of  the  anteroposterior  length 
of  P4  in  Tertiary  species  of  Perognathus. 


Variate 

Interval 

Probability 

Species1 

P4  AP 

(0.0-0.8)(Q.8-1.05) 

.028 

n:f 

P4  AP 

(0.0-0.9X0.9-1.35) 

>.001 

n:s 

P4  AP 

(0.0-Q.7)(0.7-0.9) 

.30 

mi:n 

P4  AP 

(0.0-0.7)(0.7-0.9) 

.109 

d:n 

P4  AP 

(0.0-0.7)(0.7-0.9) 

.655 

n:ma 

P4  AP 

(0.0-0.8X0.8-0.9) 

.382 

h:n 

P4  AP 

(0.0-0.9X0.9-1.05) 

.014 

n:r 

P4  AP 

(0.0-0.75X0.75-0.9) 

>.001 

P:n 

P4  AP 

(0. 0-0. 9)(0. 9-1.0) 

.438 

g:n 

P4  AP 

(0.0-0.75X0.75-0.9) 

.509 

ml:n 

P4  AP 

(0.0-0.75X0.75-0.9) 

.01 1 

pa:n 

1 Abbreviations  and  localities:  d — P.  dunklei  (sec.  25,  T105,  R38W),  f—  P.  furlongi 
(UCMP  J-5847,  V-863,  V-6604),  g -P.  gidleyi  (sec.  22,  T335,  R29W),  h -P.  henry- 
redfieldi  (UALP  29),  ma —P.  mclaughlini  (sec.  36,  T34S,  R31W),  mi  — P.  minutus 
(UCMP  U-5847),  ml  — P maldei  (sec.  32,  T7S,  R13E),  n — Perognathus  stevei,  p— P. 
pearlettensis  ( sec.  35,  T34S,  R30W),  pa  — P.  parvus,  r—P.  rexroadensis  (sec.  35,  T34S, 
R30W),  s — P.  saskatchewanensis  (sec.  31,  T2N,  R30W);  me  — specimens  from  McKay 
Reservoir. 


UWBM  57238-57239,  upper  incisor,  lower  incisor  from  the 
top  of  the  buff  siltstones  and  sandstones;  UWBM  57240,  upper 
incisor  from  base  of  the  red  siltstones;  locality  B1534,  Arling- 
ton 5. 

UWBM  57241,  14  upper  incisors,  1 1 lower  incisors  from  lo- 
cality CO  141,  Arlington  15. 

Diagnosis.— A small  form  of  Perognathus  with: 
dentition  hypsodont  and  lophodont;  cingula  on  up- 
per molars  gently  curving  from  paracone  to  proto- 
style, forming  elongate  fossettes;  abbreviated  ante- 
rior profile  on  P4;  lophs  connecting  lingually  on  M2 
and  usually  M1;  Sophs  connecting  medially  at  early 
stage  of  wear  on  lower  cheek  teeth,  P4,  and  some- 
times M1.  Normally  bilaterally  symmetrical  P4  with 
anteroconid;  no  accessory  medial  cuspules  or  ridges 
on  P4;  posterior  lophid  frequently  elongated  by  ad- 
dition of  hypostylid  on  P4;  anterior  root  of  M,  com- 
posed of  two  closely  appressed  columns. 

Etymology.— Named  for  W.  Steve  Nelson  in  recognition  of  his 
invaluable  assistance  in  the  field. 

Description.  — In  size  and  general  morphology, 
these  specimens  resemble  those  of  the  extant  species, 
Perognathus  parvus,  which  now  inhabits  the  region, 
the  Elemphillian  species,  P.  henryredfieldi  Jacobs 
(1977)  from  Arizona  and  P.  dunklei  Hibbard  (1939) 
from  Kansas,  and  the  Blancan  species,  P.  mclaugh- 
lini Hibbard  (1949)  from  Kansas  and  Arizona  (Ja- 
cobs, 1977),  P.  gidleyi  Hibbard  (1941a)  from  Kan- 
sas, and  P.  maldei  Zakrzewski  (1969)  from  Idaho 
(Figs.  2-5,  Tables  1-3).  In  P.  stevei  the  transverse 
width  of  P4  is  shorter  than  that  of  P.  maldei  (Fig. 
3,  Table  2),  which  has  a prominent  hypostylid  on 
the  hypolophid.  P.  stevei  is  significantly  smaller  than 


Table  2.  — Significance  of  difference  of  the  transverse  width  of  P4 
in  Tertiary  species  of  Perognathus. 


Variate 

Interval 

Probability 

Species' 

P4  T 

(0.0-0.8X0.8-1.05) 

.063 

n:f 

P4  T 

(0.0-0.9X0.9-1.3) 

>.001 

n:s 

P4T 

(0.0-0.7)(0.7-0.9) 

.10 

mi:n 

P4  T 

(0.0-0.8X0.8-0.9) 

.382 

d:n 

P4T 

(0.0— 0.8)(0.8— 0.9) 

.382 

ma:n 

p4t 

(0.0-0.8X0.8-0.9) 

.255 

h:n 

p4t 

(0.0-0.9X0.9-1.05) 

.001 

n:r 

p4t 

(0.0-0.8XQ.8-0.9) 

.014 

p:n 

p4t 

(0.0-0.9X0.9-0.95) 

.175 

n:g 

p4t 

(0.0-0.85X0.85-0.9) 

.109 

n:ml 

P4  T 

(0.0-0.9X0.9-1.0) 

.175 

n:pa 

1 For  abbreviations  see  Table  1. 


the  Blancan  species,  P.  rexroadensis  Hibbard  ( 1950) 
from  Kansas,  and  the  Barstovian  species,  P.  sas- 
katchewanensis Storer  (1970)  and  P.  furlongi  Gazin 
(1930)  from  California;  but  larger  than  the  Clar- 
endonian  species,  P.  minutus  James  (1963)  from 
California  and  P.  trojectioansrum  Korth  (1979)  from 
Nebraska  and  the  Blancan  species  P.  pearlettensis 
Hibbard  (19416)  from  Kansas.  It  should  be  noted 
that  there  is  greater  intraspecific  variation  of  the  size 
and  structure  of  P4  than  of  M,. 

Besides  size,  distinctive  characteristics  of  indi- 
vidual teeth  and  differences  in  hypsodonty  tend  to 
separate  specimens  of  P.  stevei  from  those  of  other 
described  species.  All  species  described  from  Bar- 
stovian and  Clarendonian  deposits  have  much  more 


Table  3 . — Significance  of  difference  of  the  anteroposterior  and 
transverse  dimensions  of  M,  in  Tertiary  species  of  Perognathus. 


Variate 

Interval 

Probability 

Species' 

M,  AP 

(0.0-1. 1)(1. 1-1.2) 

.083 

n:f 

M,  AP 

(0. 0-0. 8)(0. 8-1.1) 

.083 

mi:n 

M,  AP 

(0.0-1.05X1.05-1.1) 

.333 

n:d 

M,  AP 

(0.0— 0.9)(0.9— 1 . 1 ) 

.167 

n:ma 

M,  AP 

(0.0-1 .1X11-1.3) 

.009 

n:r 

M,  AP 

(0.0-1. 0)(  1 . 0-1.1) 

.017 

P:n 

M,  AP 

(0.0-1.0X1.0-1.15) 

.181 

n:g 

M,  AP 

(0.0-1.1X1.1-1.15) 

.154 

n:ml 

M,  AP 

( 0 . 0—0 . 9 )( 0 . 9—  1 . 1 ) 

.550 

n:pa 

M,  T 

(0.0-1.25X1.25-1.35) 

.083 

n:f 

M,  T 

(0.0-1.0X1.0-1.25) 

.083 

mi:n 

M,  T 

(0.0-0.95X0.95-1.25) 

.083 

d:n 

M,  T 

(0.0-1.15X1.15-1.25) 

.667 

n:ma 

M,  T 

(0.0-1.25X1.25-1.4) 

>.001 

n:r 

M,  T 

(0.0-1.15X1.15-1.25) 

.139 

p:n 

M,  T 

(0.0-1 . 1 )( 1. 1-1 .3) 

.242 

n:g 

M,  T 

(0.0-1.2X1.2-1.25) 

.299 

n:ml 

M,  T 

(0.0-1.25X1.25-1.3) 

.450 

n:pa 

1 For  abbreviations  see  Table  1 . 
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NO.  9 


P.  parvus 


P maldei 


P gidieyi 


P pear/ettensis 

P.  rexroadensis 

P st  eve i 

P henryredfieldi 

P mclaughli  ni 
P dunk  lei 

P minutus 

P sa  skate  hewo  nen  sis 
P furtongi 


7 — 


± 


□ □ 


□ 


*1.3 


Fig.  2.  — Distribution  of  the  anteroposterior  length  of  P4  in  Tertiary  species  of  Perognathus.  (Specimens  designated  as  P.  stevei  represent 
all  the  very  small  geomyoid  material  from  the  Ordnance  and  Arlington  localities.) 
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P parvus 


P maldei 


P gidieyi 


P pear  lettensis 


3~ 


2- 


' □ 


P re  xroa  den  s is 


2- 


P steve i 


P henryredf  ietd  i 


3- 


2- 

P mc/aughlini 

1- 

P dunk  te i 

1 — 

P mmutus 


P saskatchewanensis 


P furtongi 

Fig.  3.  — Distribution  of  the  transverse  width  of 


1 — 

'.5  mm.  1 1 

—I  1 1 1 

P4  in  Tertiary  species  of  Perognathus.  (See  Table  1 for  localities  of  species.) 
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NO.  9 


5 — 


P parvus 


P maldei 


P gidleyi 


P pearlettensis 


i- 


2- 


3- 


_r 

4 I 


2- 


P r ex  roadens  i s 


□ □ u 


P steve  i 

P met  a u gh  / / n i 
P.  dunktei 
P minutus 
P turtongi 

Fig.  4.  — Distribution  of  the  anteroposterior  length 


1 - 


1- 


'.5  mm. 1 1 1 

'1 

*1.3 

of  M,  in  Tertiary  species  of  Perognathus.  (See  Table  1 for  localities  of  species.) 


brachyodont  dentitions  than  P.  stevei,  and  only  in 
the  teeth  of  P.  pearlettensis,  P.  rexroadensis,  P.  gid- 
leyi, P.  dunklei,  P.  maldei,  and  P.  parvus  are  the 
crown  heights  similar.  Measurements  of  the  lophs 
on  little-worn  teeth  of  these  species  can  be  compared 
(Figs.  6-7,  Table  4);  however,  unworn  teeth  are  not 
known  for  some  species.  For  example,  P.  dunklei 
from  the  Edson  Quarry  in  Kansas  was  considered 
by  Hibbard  (1939:458)  to  have  a hypsodont  den- 
tition, but  the  type  specimen  possesses  very  worn 
teeth.  From  Hibbard's  figure  (p.  462),  it  appears  that 
only  traces  of  the  reentrants  of  the  P4  remain,  where- 


as the  lophids  of  M,  are  not  joined,  and  those  of  M2 
have  just  merged.  UWBM  57165  (Fig.  8)  is  a dentary 
with  worn  teeth  on  which  the  lophids  of  the  M2  have 
been  joined  medially  for  some  time  so  even  a buccal 
connection  has  formed,  and  the  lophids  of  M,  have 
also  met  and  joined.  This  indicates  that  the  indi- 
vidual is  ontogenetically  older  than  the  type  speci- 
men of  P.  dunklei.  However,  the  P4  of  UWBM  57165 
retains  deep  reentrants  indicating  a more  hypsodont 
tooth.  In  addition,  an  anterior  bulge  is  present  in 
the  position  of  the  anteroconid.  No  anteroconid  ex- 
ists on  the  type  or  referred  specimen  of  P.  dunklei. 
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P parvus 

P ma/dei 
P gidleyi 

P.  pear / ett e n s i s 

P r ex  roo  dens  is 


2- 


P stevei 


3- 


P me /ought  i n i 
P dunk/ei 
P mi  nut  us 


1- 


1— 


□ 


1 - 


□ 


2 — 

P furiongi  ~ [~] 

'.8  mm.  1 h 1 ' '1.5  1 

Fig.  5.  — Distribution  of  the  transverse  width  of  M,  in  Tertiary  species  of  Perognathus.  (See  Table  1 for  localities  of  species.) 


P.  maldei  from  the  Hagerman  fauna  is  likewise 
known  from  only  a few  specimens  with  worn  den- 
titions. The  type  specimen,  UMMP  55183,  is  the 
least  worn,  but  enough  so  that  a reliable  measure- 
ment of  hypsodonty  could  not  be  made.  Visual  com- 
parison of  this  specimen  with  those  of  P.  stevei  at 
about  the  same  stage  of  wear  indicates  that  P.  maldei 
has  an  equal  or  greater  degree  of  hypsodonty  than 
P.  stevei.  Figs.  6-7  and  Table  4 illustrate  the  differ- 
ences in  the  specimens  whose  hypsodonty  could  be 
measured.  Frequency  distributions  for  the  height  of 
the  posterior  lophid  of  P4  and  for  the  anterior  lophid 
ofM,  measured  from  the  base  of  the  lingual  valley 
to  the  tip  of  the  lophid  were  plotted,  as  well  as  the 
ratio  of  the  lophid  height  to  the  anteroposterior  di- 


mension. Although  there  is  range  overlap,  these  dif- 
ferences indicate  that  P.  pearlettensis,  P.  gidleyi,  and 
P.  rexroadensis  have  lower-crowned  teeth  than  P. 
stevei,  and  that  P.  parvus  is  more  hypsodont  than 
the  latter  species. 

The  deeply  grooved,  highly  curved  incisor  of  P. 
stevei  is  identical  to  that  of  the  Recent  pocket  mice. 
Of  species  in  which  the  anterior  root  of  the  zygo- 
matic process  is  preserved,  those  of  P.  stevei,  P. 
rexroadensis,  and  P.  pearlettensis  flare  laterally, 
whereas  those  of  P.  parvus,  P.  gidleyi,  and  P.  fur- 
iongi are  directed  dorsoventrally,  forming  a deep 
infraorbital  fossa  similar  to  that  of  the  geomyines. 

The  upper  premolars  of  species  of  the  Perogna- 
thinae  are  similarly  constructed,  normally  with  a 
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Fig.  6.  — Distribution  of  the  height  (h)  of  the  posterior  lophid  of  P4  and 
species  of  Perognathus.  (See  Table  1 for  abbreviations  of  species.) 

single  cusped  protoloph  and  a tricusped  metaloph, 
but  some  differences  exist.  In  P.  furlongi  the  crowns 
are  very  bulbous  and  in  some  specimens  of  P4,  a 
small  accessary  cuspule  is  present  on  the  protoloph 
buccal  to  the  protocone,  whereas  the  cheek  teeth  of 
P.  stevei  are  not  inflated  and  the  protoloph  of  the 
P4  is  always  a single  cusp  beneath  which  the  root  is 
directed  downward,  forming  an  abbreviated  ante- 
rior profile.  On  P.  furlongi  and  P.  parvus  the  pro- 
tocone is  slanted  anteriorly  so  its  root  projects  far 
forward,  forming  a continuous  slope  along  the  an- 
terior profile.  Also  in  UCMP  49364,  a P4  of  P.  fur- 
longi, the  lophs  are  connected  buccally,  a feature 
unknown  on  the  P4  of  P.  stevei.  Some  specimens  of 
P.  parvus  exhibit  the  abbreviated  profile,  but  on  no 
specimens  of  P.  stevei  is  the  slope  profile  constant. 

The  occlusal  pattern  of  the  metaloph  of  P.  stevei  is 


8 

of  the  ratio  of  the  height  to  the  anteroposterior  length  in  Tertiary 


a gently  curved  transverse  ridge,  unlike  that  of  P. 
parvus,  which  is  angulate  due  to  the  anterior  position 
of  the  metacone  and  hypostyle.  The  hypostyle  is 
sometimes  anteriorly  located,  depending  on  the  de- 
velopment of  the  posterior  cingulum,  which  ranges 
from  absence,  in  only  UWBM  57155,  to  a more 
commonly  occurring  crest  extending  between  the 
posterior  margins  of  the  hypostyle  and  hypocone, 
as  in  UWBM  57154. 

Configuration  of  the  M1  and  M2  is  similar  to  the 
condition  in  P.  parvus,  but  some  differences  are  ap- 
parent: (1)  the  teeth  of  P.  stevei  are  less  hypsodont, 
are  shorter  transversely  (Table  5),  and  are  more  ro- 
bust. A shallow  valley  which  widens  internally  di- 
vides the  lophs,  and  with  wear  the  molars  do  not 
retain  a cuspate  pattern  as  long  as  do  those  of  other 
fossil  species.  (2)  The  loph  connection  on  M1  is  nor- 
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Mj — h/ AP 


2- 


Fig.  7.  — Distribution  of  the  height  (h)  of  the  anterior  lophid  of  M,  and  of  the  ratio  of  the  height  to  the  anteroposterior  length  in 
Tertiary  species  of  Perognathus.  (See  Table  1 for  abbreviations  of  species.) 


mally  lingual,  but  can  occur  medially  and  lingually 
at  about  the  same  time,  whereas  union  always  occurs 
medially  on  the  M1  of  P.  parvus.  (3)  Loph  union  on 
M2  is  always  lingual  in  P.  stevei  but  is  medial  on 
many  specimens  of  P.  parvus.  On  UWBM  57234, 
the  lophs  of  M1  connect  medially,  but  those  of  M2 
connect  lingually.  (4)  The  anterior  cingulum  of  the 
M1  normally  forms  an  arc,  which  originates  from 
the  paracone,  extends  around  the  anterior  face  of 
the  protocone,  and  merges  with  the  protostyle, 
forming  a long,  transverse  fossette  with  greater  wear. 
This  cingulum  on  the  extant  species  flares  anteriorly 
from  the  paracone,  abruptly  turns  laterally,  and 
reaches  only  to  the  protocone.  On  some  specimens 
of  P.  stevei  (For  example  UWBM  57153,  Fig.  9,  a) 
an  angular  bend  is  formed,  but  the  crest  still  reaches 
to  the  protostyle,  and  a few  specimens  have  a short 
crest  extending  only  to  the  protocone.  No  anterior 
cingula  exist  on  the  molars  of  KU  7740,  a paratype 


Table  4 . — Significance  of  difference  of  the  hypsodonty  in  some 
species  of  Perognathus. 


Variate 

Interval 

Probability 

Species' 

P4  h2 

(0.0-.40X.40-.55) 

.061 

g:n 

P4h 

(0.0— .40)(.40— . 55) 

.015 

P;n 

P4  h 

(0.0-.50)(.50-.55) 

.556 

r:n 

P4h 

(0.0-.4Q)(. 40-60) 

.152 

pa:n 

P4  h/AP 

(0.0-.5Q)(. 50-  70) 

.061 

g:n 

P4  h/AP 

(0.0-.55)(. 55-  70) 

.074 

p:n 

P4  h/AP 

(0.0-.50)(.50-.70) 

.119 

r:n 

P4  h/AP 

(0.0-.55)(. 55-  80) 

.046 

pa:n 

M,  h3 

(0.0-.45X.45-.75) 

.121 

g:n 

M,  h 

(Q.0-.45)(. 45-  75) 

.071 

p:n 

M,  h 

(0.0-.50X.50-.75) 

.339 

r:n 

M,  h 

(Q.0-.50X.50-.75) 

.013 

n:pa 

M,  h/AP 

(0.0-.40X.40-.70) 

.024 

g:n 

M,  h/AP 

(Q.0-.45X.45-.70) 

.071 

p:n 

M,  h/AP 

(0.0-.35X.35-.70) 

.024 

r:n 

M,  h/AP 

(0.0-.50)(. 50-  70) 

.013 

n:pa 

1 For  abbreviations  of  species  see  Table  1. 

2 Height  of  the  posterior  lophid  of  P4  measured  from  the  base  of  the  lingual  valley. 

3 Height  of  the  anterior  lophid  of  M,  measured  from  the  base  of  the  lingual  valley. 
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Table  5 Measurements  o/'Perognathus  stevei. 


Tooth 

N 

Observed  range 

Mean 

s 

cv 

Locality  A8803,  Ordnance 

P4-AP 

8 

.65-85 

.74  ± .06 

.07  (.05-.  14) 

9.8 

± 4.8 

P4-T 

8 

.80-1.15 

.98  ± .12 

.14  (.09— .28) 

14.28 

± 7.0 

M'-AP 

5 

.82-94 

.89  ± .06 

.05  (.03-.  14) 

5.62 

± 3.48 

M'-T 

5 

1.16-1.25 

1.21  ± .05 

.04  (.02-.  15) 

3.31 

± 2.05 

M’-AP 

4 

.73-.80 

.78  ± .05 

.03  (.02-.  1 1 ) 

3.85 

± 2.67 

M2-T 

4 

1.05-1.14 

1.08  ± .08 

.05  (.03-.  19) 

4.63 

± 3.21 

p4-ap 

7 

.65-85 

.77  ± .07 

.07  (.05-.  15) 

9.09 

± 4.76 

p4-t 

7 

OO 

OO 

f 

VO 

r- 

.81  ± .06 

.06  (.04-.  13) 

7.41 

± 3.88 

M,-AP 

5 

.90-1.08 

1.0  ± .08 

.06  (.04-.  17) 

6.0 

± 3.72 

M,-T 

5 

1.06-1.21 

1.12  ± .08 

.06  (.04-.  17) 

5.36 

± 3.32 

Locality  CO  127,  Arlington  14 

P4-AP 

8 

.70-85 

.79  ± .05 

.06  (.04-.  12) 

7.54 

± 3.7 

P4-T 

9 

.90-1.24 

1.12  ± .11 

.14  (.  10-.27) 

12.5 

± 5.77 

M'-AP 

6 

.89-95 

.93  ± .03 

.03  (.02-07) 

3.23 

± 1.83 

M'-T 

6 

1.21-1.28 

1.25  ± .03 

.03  (.02-07) 

2.40 

± 1.36 

M2-AP 

4 

OO 

r 

u- 

.76  ± .08 

.05  (.03-.  19) 

6.58 

± 4.56 

M2-T 

4 

.89-1.12 

1 .06  ±11 

.07  (.04-26) 

6.6 

± 4.57 

M3-AP 

1 

.75 

M3-T 

1 

.87 

p4-ap 

1 

.75 

p4-t 

1 

.79 

M.-AP 

4 

.87-1.08 

.99  ± .14 

.09  (.05-.34) 

9.09 

± 6.3 

M,-T 

4 

1.01-1.17 

1.09  ± .11 

.07  (.04-26) 

6.42 

± 2.27 

M,-AP 

2 

.75-.96 

.86 

M2-T 

2 

.92-1.15 

1.04 

Museum  no. 

Specimen 

AP 

T 

Locality  CO  120,  Arlington  7 

UWBM  57217, 

maxillary  P4 

.75 

.87 

UWBM  57218, 

dentary  P4 

.68 

.70 

UWBM  57221, 

M, 

1.05 

1.17 

Locality  CO  126,  Arlington  13 

UWBM  57223, 

dentary  M, 

.96 

1.19 

m2 

.93 

1.18 

m3 

.80 

.86 

Locality  CO  124,  Arlington  1 1 

UBWM  57234, 

maxillary  M' 

.90 

1.25 

M2 

.75 

1.05 

of  P.  mclaughlini  (Hibbard,  1949,  fig.  2),  and  those 
of  P.  rexroadensis  are  poorly  formed,  consisting  of 
an  anterior  spur  from  the  paracone. 

From  Arlington  14  a moderately  worn  specimen 
of  M3  was  collected  which  does  not  seem  to  be  as 
small  or  as  delicate  as  that  of  P.  parvus.  Also,  the 
anterior  cingulum  of  this  tooth,  UWBM  57185  (Fig. 
9,  c),  is  continuous  between  the  paracone  and  the 
protostyle.  On  P.  parvus  a shorter  crest  terminates 
at  the  protocone,  and  on  P.  rexroadensis  only  the 
anterior  spur  is  present. 

The  lower  incisor  is  smooth-faced,  long,  and  gently 
curved,  and  the  dentary  fragments  are  identical  to 


those  of  P.  parvus.  No  ascending  rami  were  re- 
covered, but  the  dentaries  have  a prominent,  dor- 
sally  rising  masseteric  crest,  and  the  mental  foramen 
is  situated  below  the  diastema.  UWBM  57189  (Fig. 
10,  a)  from  Arlington  14  has  a slightly  more  robust 
dentary  with  a heavier,  wider  diastema  than  that  of 
the  other  specimens  of  P.  stevei.  However,  the  den- 
tition is  of  the  same  size  and  structure  as  that  of 
other  specimens  of  P.  stevei  from  the  same  locality, 
indicating  that  the  robust  dentary  of  UWBM  57189 
represents  intraspecific  variation. 

The  alveoli  in  the  mandibles  indicate  the  presence 
of  two  wide  roots  onM,,  but  on  isolated  molars  the 
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anterior  root  can  be  seen  to  be  composed  of  two 
closely  appressed  columns.  This  condition  differs 
from  that  of  P.  parvus  and  P.  maldei,  which  have 
well  divided  anterior  roots.  On  no  other  fossil  species 
could  the  appressed  columns,  representing  incipient 
division,  be  observed.  Also,  the  alveoli  for  the  pos- 
terior root  of  M,  and  the  anterior  root  of  M2  of  P. 
stevei  are  confluent. 

Although  the  P4  of  P.  stevei  retains  the  charac- 
teristic quadrate  pattern  of  Perognathus  with  medial 
union  of  the  cusps,  the  tooth  exhibits  some  vari- 
ability as  does  that  of  the  Recent  species.  Five  of 
eight  premolars  have  a distinct  anteroconid  which 
lies  between  the  protoconid  and  metaconid,  not  at 
the  end  of  a medial  ridge  like  that  of  P.  saskatch- 
ewanensis  (Storer,  1975:  93)  from  the  Wood  Moun- 
tain Formation.  Anteroconids  are  unknown  on  the 
lower  premolars  of  P.  henryredfieldi,  P.  mclaughlini, 
P.  rexroadensis,  P.  dunklei,  and  P.  maldei.  Of  de- 
scribed species,  P.  minutus , P.  gidleyi,  and  P.  pear- 
lettensis  possess  the  cuspule,  and  as  in  P.  stevei , the 
presence  of  the  cuspule  is  variable.  Only  one  spec- 
imen of  P.  minutus.  UCMP  76987,  has  the  cuspule. 

The  manner  of  lophid  union  on  the  P4  of  P.  stevei 
is  quite  variable.  On  UWBM  57166  and  57189  (Fig. 
10,  a)  union  occurs  between  the  metaconid  and 
entoconid.  Four  premolars  have  a connection  be- 
tween the  protoconid  and  hypoconid,  and  UWBM 
57167  has  a double  connection:  a crest  extends  from 
each  anterior  cusp  to  the  cusp  directly  posterior.  No 
specimens  of  P.  stevei  have  medial  cuspules  or  ridges, 
such  as  the  well  defined  ridge  of  P.  saskatchewanen- 
sis.  P.  mclaughlini  and  P.  pearlettensis  always  have 
prominent  lophid  connections  between  the  proto- 
conid and  hypoconid. 

Except  for  the  closely  appressed  metaconid  and 
protoconid  of  UWBM  57189,  these  cusps  are  well 
divided  on  the  other  premolars  of  P.  stevei,  and  the 
reentrants  are  of  about  equal  depth  and  cross  the 
same  occlusal  distance,  resulting  in  a symmetrical 
tooth.  Due  to  the  protoconid-hypoconid  connection 
of  the  P4  of  P.  mclaughlini,  P.  henryredfieldi,  P. 
rexroadensis,  and  P.  pearlettensis,  their  reentrants 
are  asymmetrical.  In  P.  pearlettensis  and  P. 
mclaughlini  the  lingual  valleys  are  very  wide  and 
deep,  and  the  P4  of  the  latter  species  is  very  bulbous 
compared  with  that  of  P.  stevei.  The  protoconid  is 
larger  than  the  metaconid  on  P.  rexroadensis,  ac- 
centuating the  asymmetry  of  the  tooth.  In  P.  sas- 
katchewanensis  a transversely  compressed  metalo- 
phid  and  widely  separated  lophids  result  in  a 
rectangular  outline,  whereas  in  P.  stevei  the  meta- 


Fig.  8.  — Wear  patterns  on  some  species  of  Perognathus.  A) 
Perognathus  dunklei,  MCZ  6203,  right  P4-M2  (illustration  mod- 
ified from  Hibbard,  1939);  B)  P.  stevei,  UWBM  57165,  right  P4- 
M2;  C)  P.  species  indeterminate,  UWBM  57902,  left  P4-M3. 


lophid  and  hypolophid  are  of  about  the  same  trans- 
verse dimension  and  are  close  enough  to  form  a 
quadrate  outline. 

Construction  of  the  hypolophid  also  varies.  Be- 
sides the  hypoconid  and  entoconid,  which  with  wear 
unite  first,  two  premolars,  UWBM  57166  and  571 89, 
have  a small  buccal  cusp  on  the  hypolophid  which 
is  similar  to,  but  not  as  large  as,  the  hypostylid  of 
P.  maldei  and  P.  parvus.  On  some  specimens  of  P. 
rexroadensis  and  P.  gidleyi,  a small  cuspule  appears 
between  the  hypoconid  and  entoconid,  resulting  in 
a longer  hypolophid,  perhaps  paralleling  that  of  P. 
maldei  and  some  specimens  of  P.  stevei.  The  hy- 
polophid of  P.  stevei  is  extremely  lophate  and  forms 
a transverse  crest  with  wear.  There  is  no  deep  pos- 
terior indentation  of  the  hypolophid  as  is  the  case 
with  the  paratype  of  P.  dunklei,  which  exhibits  the 
X-pattem  to  an  extreme  degree. 

The  roots  of  the  P4  of  P.  stevei  are  widely  divided, 
whereas  those  of  P.  henryredfieldi  are  fused  proxi- 
mally. 

The  lower  molars  are  lower-crowned  than  those 
of  P.  parvus,  and  the  construction  of  the  anterobuc- 
cal  cingulid  differs.  On  the  Recent  species  the  an- 
terior margin  of  the  metalophid  is  pointed  because 
the  cingulid  originates  from  a posteriorly  positioned 
protostylid  and  extends  anterior  to  and  isolates  the 
protoconid,  where  it  bends  posteriorly  and  connects 
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Fig.  9.  — Selected  specimens  of  Perognathus  stevei.  a)  UWBM  57153,  right  maxillary  with  P4-M2  (holotype);  b)  UWBM  57152,  left 
maxillary  with  P4-M2;  c)  UWBM  57185,  left  maxillary  with  M2-M3;  d)  UWBM  57163,  left  dentary  with  P4-M,;  e)  UWBM  57164, 
right  dentary  with  P4-M,;  f)  UWBM  57164,  right  dentary  with  P4-M,,  lingual  view.  Scale  equals  one  millimeter. 
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Fig.  10. -Selected  specimens  of  Perognathus  stevei  and  P.  species  indeterminate,  a)  P.  stevei,  UWBM  57189.  left  dentary  with  P4-M,; 
b)  P.  stevei,  UWBM  57176,  left  dentary  with  P4;  c)  P.  stevei,  UWBM  57223,  right  dentary  with  M,-M3;  d)  P.  species  indeterminate, 
UWBM  57974,  right  maxillary  with  P4;  e)  P.  species  indeterminate,  UWBM  57974,  left  maxillary  with  M'-M2;  f)  P.  species  indeterminate, 
UWBM  57974,  left  dentary  with  P4-M3.  Scale  equals  one  millimeter. 
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between  the  protoconid  and  metaconid.  On  P.  stevei 
and  P.  maldei  the  angular  portion  of  the  cingulid  is 
anterobuccal  to  the  protoconid,  and  the  cingulid  ter- 
minates at  the  buccal  side  of  the  protoconid.  On  P. 
minutus  the  anterior  cingulid  is  not  angular,  but 
rounded.  Also,  the  protoconids  of  the  molars  of  P. 
stevei  are  never  as  isolated  internally  as  those  of  P. 
parvus.  Lophid  union  first  occurs  medially  on  mo- 
lars of  P.  stevei,  but  a buccal  connection  can  soon 
form  on  some  specimens.  The  hypolophid  is  high, 
and  the  hypostylid  of  P.  stevei  is  a prominent  cusp 
which  is  almost  as  high  as  the  hypoconid  and  ento- 
conid.  On  all  other  fossil  species,  except  P.  pearlet- 
tensis  and  P.  maldei,  the  hypostylid  is  low. 

Discussion 

P.  stevei  is  more  hypsodont  than  other  species  of 
Perognathus  from  Hemphillian  and  older  deposits. 
Only  P.  maldei  from  the  Blancan  Hagerman  fauna 
and  the  Recent  pocket  mouse,  P.  parvus,  are  higher- 
crowned.  P.  stevei  can  be  distinguished  from  these 
species  on  the  basis  of  smaller  size,  particularly  of 
the  P4,  presence  of  anteroconids,  poorly  formed 
hypostylids  when  present  on  P4,  and  incipient  di- 
vision of  the  anterior  root  of  M,.  None  of  these 
differences  precludes  P.  stevei  from  the  ancestry  of 
the  Recent  species  through  a form  such  as  P.  maldei. 

Perognathus  species  indeterminate 

Referred  specimens.  — UWBM  57783.  5 upper  incisors;  UWBM 
57973,  2 upper  incisors;  UWBM  57974,  upper  incisor,  maxillary 
with  P4,  isolated  M1,  maxillary  with  M'-M2,  dentary  with  P„- 
M3;  UWBM  57905,  M2;  UWBM  57979,  dentary  with  P4-M,; 
UWBM  57902,  dentary  with  P4-M3;  UWBM  57903,  dentary 
with  M,-M,;  UWBM  57904,  M,;  UWBM  57975,  P4;  from  lo- 
cality CO  128,  McKay  Reservoir. 

This  sample  represents  the  total  of  small,  brachyodont  geo- 
myoid  specimens  from  the  McKay  Reservoir  site. 

Description.  — All  specimens,  except  for  UWBM 
57783,  were  found  by  W.  Steve  Nelson  in  a coprolite 
associated  with  Oregonomys  sargenti  (Shotwell). 
Recovery  of  three  right  lower  first  molars  indicates 
that  at  least  three  individuals  of  Perognathus  were 
preserved  in  the  concentration  of  bone.  Two  indi- 
viduals are  young  adults  with  only  slightly  worn 
dentitions,  and  the  third,  represented  by  two  man- 
dibles, UWBM  57979  and  57902,  is  from  an  old 
individual  whose  teeth  are  so  worn  that  the  lophids 
have  been  united. 

The  P4  (Fig.  10,  d)  exhibits  the  cusp  pattern  char- 
acteristic of  Perognathus.  The  abbreviated  anterior 


slope  of  the  protocone  is  similar  to  the  condition 
observed  on  the  specimens  from  Arlington  and  Ord- 
nance, but  the  hypostyle  of  UWBM  57974  is  more 
inflected,  and  the  metacone  and  hypocone  are  ap- 
pressed,  more  like  the  premolar  of  P.  parvus.  The 
P4  from  McKay  Reservoir  is  housed  in  a maxillary 
fragment,  which  appears  to  have  had  a very  broad 
interpalatal  distance,  but  poor  preservation  of  the 
maxillary  prohibits  precise  evaluation. 

The  upper  molars  (Fig.  10,  e)  are  similar  to  those 
from  the  other  northern  Oregon  localities,  but  some 
structures  are  distinct.  Most  obvious  is  the  shorter, 
angular  cingulum,  which  is  like  that  of  P.  parvus. 
The  angular  construction  of  the  cingulum  was  found 
on  one  specimen  from  Ordnance,  UWBM  57153, 
but  its  cingulum  is  long  and  extends  from  the  para- 
cone  to  the  protostyle,  not  a short  anteriorly  directed 
spur  like  the  cingula  on  the  specimens  from  McKay 
Reservoir.  Specimens  of  M1  of  Perognathus  species 
indeterminate  are  rather  long  with  wide,  shallow 
valleys,  which  separate  the  lophs,  whereas  the  per- 
ognathine  molars  from  Ordnance  and  Arlington  are 
more  anteroposteriorly  compressed  and  lophate. 
Lingual  connections  have  already  occurred  on  both 
specimens  of  M2.  At  equivalent  wear  stages,  a gap 
remains  between  the  lophs  of  M2  on  P.  stevei.  Over- 
all, the  upper  molars  from  McKay  Reservoir  are 
slightly  more  brachyodont  than  those  from  the  other 
northern  Oregon  localities,  and  have  a cingulum 
structure  which  is  more  similar  to  that  of  the  Recent 
species. 

The  horizontal  rami  of  the  older  specimens  are 
more  robust  and  are  deeper  below  the  diastema  than 
those  of  P.  parvus , but  the  mandibles  of  the  younger 
individuals  are  identical. 

The  lower  cheek  teeth  resemble  those  of  P.  stevei 
with  only  minor  differences.  The  P4  (Fig.  10,  f)  is 
composed  of  four  cusps  arranged  in  a quadrituber- 
cular  pattern;  no  hypostylid  or  anteroconid  were 
observed  as  they  were  on  P4  of  P.  stevei.  The  cusps 
unite  medially  to  form  an  X-pattern  considered 
characteristic  of  the  Perognathinae  by  Wood  (1935: 
96),  and  the  roots  of  the  premolars  appear  well  di- 
vided, unlike  those  of  P.  henryredfie/di.  Comparison 
of  Table  6 with  Table  5 indicates  that  the  premolars 
and  molars  from  McKay  Reservoir  are  about  the 
same  size  as  those  of  P.  stevei,  and  Figs.  6 and  7 
and  Table  7 indicate  that  the  degree  of  hypsodonty 
is  similar.  Only  the  greater  anteroposterior  length 
of  M,  on  some  specimens  from  McKay  Reservoir 
appears  to  be  a distinctive  character. 
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Table  6.— Measurements  of  Perognathus  species  indeterminate 
from  McKay  Reservoir,  locality  C0128. 


Museum  no.  Specimen 

AP 

T 

UWBM  57974,  maxillary 

P4 

.70 

1.10 

isolated 

M1 

.92 

1.15 

maxillary 

M' 

.94 

1.07 

M2 

.75 

1.10 

dentary 

P4 

.59 

.70 

M, 

1.04 

1.01 

m2 

.98 

1.04 

m3 

.74 

.83 

UWBM  57979,  dentary 

P4 

.75 

.76 

M, 

1.19 

1.16 

UWBM  57903,  dentary 

P4 

.73 

.75 

M, 

1.17 

1.16 

m2 

.99 

1.19 

m3 

.84 

.96 

UWBM  57903,  dentary 

M, 

1.04 

1.10 

m2 

.98 

1.13 

m3 

.81 

.93 

UWBM  57975,  isolated 

p4 

.75 

.71 

UWBM  57904,  isolated 

M, 

1.01 

1.01 

UWBM  57905,  isolated 

M2 

.73 

.99 

Two  specimens  of  M3  were  recovered,  of  which 
one,  UWBM  57974,  is  unworn.  The  metalophid  on 
these  specimens  is  similar  to  those  on  the  Mt-M2, 
except  that  the  anterior  cingulid  does  not  extend  as 
far  anteriorly.  Therefore,  the  leading  edge  of  this 
molar  is  flat,  not  angular.  The  hypolophid  is  a trans- 
verse crest,  but  the  hypostylid  is  reduced,  resulting 
in  a shorter  lophid  compared  with  the  metalophid. 
With  wear,  a medial  union  between  lophids  occurs, 
and,  on  UWBM  57902,  this  union  has  extended 
across  the  buccal  half  of  M3.  A medial  connection 
has  formed  on  P4  and  M2  of  this  specimen,  and  an 
incipient  connection  occurs  on  M,.  Therefore, 
UWBM  57902  is  slightly  more  worn  than  the  type 
of  P.  dunklei  Hibbard.  UWBM  57902  differs  from 
P.  dunklei,  as  does  UWBM  57165  from  Ordnance, 
in  retaining  the  crown  pattern  of  P4  after  lophid 
union  on  M,  (Fig.  8). 

Discussion 

These  specimens  were  found  at  McKay  Reservoir 
associated  with  elements  of  Oregonomys  sargenti  in 
a small  concentration.  Preservation,  their  intimate 
association,  and  the  rarity  of  these  taxa  at  McKay 
Reservoir  indicate  a coprolitic  accumulation.  With 
the  exception  of  a few  specimens  mentioned  by 


Table  1 .—Significance  of  difference  of  hvpsodonty  in  Perognathus 
stevei  and  specimens  of  Perognathus  from  McKay  Reservoir. 


Variate' 

Interval 

Probability 

Species' 

p4h 

(0.0— .45)(.45— . 55) 

.714 

mc:n 

P4  h/AP 

(0.0— .40)(  .40— . 70) 

1.0 

mc:n 

M,  h 

(0.0— . 50)(.  50— . 7 5) 

.339 

mc:n 

M,  h/AP 

(0.0— . 50)(.  50— . 70) 

.339 

mc:n 

' For  abbreviations  see  Figure  6 and  Table  1. 


Shotwell  (1967)  and  isolated  incisors,  UWBM 
57783,  these  are  the  only  known  specimens  of  Per- 
ognathus from  the  locality.  Oregonomys  sargenti  also 
appears  to  be  scarce;  only  a few  other  isolated  spec- 
imens have  been  found. 

Because  the  specimens  of  Perognathus  from 
McKay  Reservoir  include  cheek  teeth  that  have 
widely  separated,  cuspate  lophs,  they  are  not  con- 
specific  with  P.  stevei.  Other  differences  from  P. 
stevei  include:  ( 1 ) a greater  inflection  of  the  hypostyle 
on  P4;  (2)  the  cingula  on  the  upper  molars  is  shorter 
and  usually  more  angulate;  (3)  the  lingual  connec- 
tion of  lophs  on  M2  occurs  earlier;  and  (4)  the  P4 
does  not  possess  an  anteroconid  or  hypostylid  and 
retains  a square  outline.  The  two  species,  however, 
are  probably  closely  related  as  indicated  by  their 
similar  size  and  geographic  proximity.  However, 
features  resembling  those  of  the  Recent  species  such 
as  short,  angular  cingula  and  inflection  of  the  hy- 
postyle on  P4  perhaps  indicate  a younger  geological 
age  of  these  specimens  than  those  of  P.  stevei. 

Heteromyinae  Alston,  1876 
Oregonomys,  new  genus 

Genotypic  species.  — Oregonomys  pebblesprings- 
ensis  new  species. 

Referred  species.  — Diprionomys  agrarius  Wood, 
1935;  Perognathus  sargenti  Shotwell,  1956;  Perog- 
nathus magnus  Zakrzewski,  1969. 

Distribution  of  genus.  — Quinn  Canyon  locality  in 
Nebraska;  Arlington,  Ordnance,  and  McKay  Res- 
ervoir localities  in  Oregon;  Hagerman  locality  in 
Idaho. 

Age.  — Clarendonian,  Hemphillian,  and  Blancan. 

Generic  definition.  — Palate  wide;  auditory  region 
inflated;  upper  incisors  grooved;  robust,  bilophate 
cheek  teeth,  with  size  decreasing  posteriorly;  pro- 
toloph  of  P4  with  buccal  cuspule;  lophs  of  P4  con- 
necting medially  or  lingually;  three  roots  on  P4;  lophs 
of  upper  molars  connecting  lingually;  mental  fora- 
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Fig.  11.  — Distribution  of  the  crown  height  of  P4  in  the  holotype  of  Diprionomys  parvus  and  species  of  Oregonomys.  (The  material 
of  O.  pebblespringsensis  represents  all  the  larger  brachyodont  geomyoids  from  the  Ordnance  and  Arlington  localities.) 


men  below  diastema,  well  anterior  and  below  mas- 
seteric scar;  coronoid  process  deflected;  angular  pro- 
cess expanded;  tendency  for  molariform  P4;  lophid 
connection  of  P4  normally  medial,  sometimes  buc- 
cal; lingual  valley  of  P4  not  extending  to  base  of 
tooth;  connection  of  lophids  on  lower  molars  nor- 
mally buccal,  with  tendency  for  medial  union;  post- 
cranial  skeleton  adapted  for  ricochetal  locomotion. 

Etymology.  — Named  for  the  state  in  which  the  genotypic  species 
was  collected  and  from  the  Greek  mys  meaning  mouse. 

Discussion.  — Although  the  previously  described 
species,  O.  sargenti  (Shotwell)  and  O.  magnus  (Za- 
krzewski)  were  referred  to  Perognathus,  both  au- 
thors expressed  doubt  about  the  assignment.  Shot- 
well  (1956:731),  in  particular,  noted  that  the  taxon 
was  larger  than  Recent  species  of  Perognathus  and 
possessed  six  cusps  on  P4  rather  than  four  cusps 
arranged  in  a quadrate  pattern.  Zakrzewski  (1969) 
appears  to  have  followed  the  example  of  Shotwell 
(1956)  and  Wood  (1935),  who  described  the  large 
species,  Perognathus  coquorum  from  the  Upper 
Snake  Creek  beds  in  Nebraska.  When  Zakrzewski 
described  O.  magnus  from  the  Hagerman  fauna  in 
Idaho,  he  had  only  a maxillary  with  slightly  worn 
teeth  and  a dentary  with  very  worn  teeth.  In  1978, 
Philip  Bjork,  from  the  South  Dakota  School  of  Mines 
and  Technology,  returned  to  the  type  locality  of  O. 
magnus  and  found  a mandible  containing  slightly 
worn  teeth.  Through  his  kindness  the  description  of 
this  specimen,  SDSM  8749,  is  included  here.  Our 


collections  made  from  northern  Oregon  have  pro- 
duced about  60  maxillaries  and  dentaries  with  cheek 
teeth  of  a new  species,  O.  pebblespringsensis,  from 
Ordnance  and  Arlington  and  include  additional 
specimens  of  O.  sargenti  from  McKay  Reservoir. 
The  specimens  of  these  three  species  of  Oregonomys 
differ  from  those  of  Perognathus  in  larger  size  (al- 
most a fourth  larger  than  most  extant  species  of 
Perognathus ),  possession  of  additional  cuspules  on 
the  protoloph  of  P4,  often  a buccal  connection  of 
lophs  of  P4  at  some  wear  stage,  and  a molariform 
P4  which  never  forms  an  X-pattern. 

Of  other  published  genera,  only  Diprionomys  has 
a similar  morphology.  Diprionomys  parvus  Kellogg 
(1910),  the  genotypic  species  from  the  Thousand 
Creek  beds  in  Nevada,  resembles  Oregonomys  in 
structure  of  P4,  but  is  more  hypsodont,  smaller,  more 
delicately  constructed,  and  the  internal  valley  per- 
sists to  the  base  of  P4.  Of  these  characteristics,  hyp- 
sodonty  and  persistence  of  the  lingual  valley  on  P4 
appear  to  be  the  most  diagnostic  features  in  differ- 
entiation of  the  taxa.  The  P4  of  Diprionomys  is  higher 
crowned  than  that  of  Oregonomys  (Fig.  1 1),  and  the 
persistence  of  the  lingual  valley  to  the  base  of  the 
tooth  in  D.  parvus  parallels  the  condition  of  the 
hypsodont  geomyines. 

One  other  species,  Diprionomys  agrarius  Wood 
(1935:178)  from  Clarendonian  deposits  in  Nebras- 
ka, resembles  the  species  of  Oregonomys  more 
closely  than  does  D.  parvus.  D.  agrarius  is  large,  has 
a low-crowned  dentition,  grooved  upper  incisors,  a 
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short  lingual  valley  on  P4,  and  an  expanded  auditory 
region,  and  should,  therefore,  probably  be  assigned 
to  Oregonomys.  It  differs  from  all  other  species  of 
Oregonomys  in  possession  of  only  three  cusps  on 
the  metalophid  of  P4  rather  than  five  or  six.  The 
protoconid  and  metaconid  of  O.  agrarius  are  at  the 
extremities  of  the  metalophid  and  are  separated  by 
a smaller  cusp.  Whether  this  cusp  represents  part  of 
an  anterior  cingulid  or  an  anteriorly  positioned  an- 
teroconid  cannot  be  determined,  but  the  metalophid 
certainly  has  not  attained  the  molariform  appear- 
ance of  the  other  species.  Of  course,  the  presence  of 
O.  agrarius  in  deposits  of  Clarendonian  age  and  the 
possibility  that  the  premolar  represents  a primitive 
stage  from  which  that  of  the  other  species  could  be 
derived  does  not  preclude  O.  agrarius  from  the  an- 
cestry of  the  other  three  species. 

Korth  (1979)  noted  that  Diprionomys  agrarius  is 
most  similar  to  Halticosomys,  nomen  nudum,  which 
W.  G.  Reeder  (1958)  described  in  his  University  of 
Michigan  dissertation  in  which  he  reviewed  the  Ter- 
tiary Heteromyidae.  I concur  with  this  designation, 
and  although  I have  not  seen  the  specimens  Reeder 
described,  I suspect  they  should  be  regarded  as  Or- 
egonomys. 

Oregonomys  pehhlespringsensis,  new  species 

Holotvpe.  — UWBM  57116,  dentary  with  incisor, 
P4-M3,  coronoid  and  articular  processes  intact. 

Type  locality.  — UWBM  locality  CO  127,  Arling- 
ton 14. 

Stratigraphic  position.  — Dalles  Formation,  sensu 
lato  (Newcomb,  1971). 

Age.  — Hemphillian. 

Referred  specimens.  — UWBM  57069,  5 upper  incisors,  one 
lower  incisor;  UWBM  57070,  6 upper  incisors,  9 lower  incisors; 
UWBM  57071,  2 upper  incisors;  UWBM  57072,  60  upper  in- 
cisors, 23  lower  incisors;  UWBM  57073-57074,  maxillaries  with 
F-M1;  UWBM  57075-57076,  maxillaries  with  P4;  UWBM  57077, 
maxillary  with  M'-M3;  UWBM  57078-57079,  maxillaries  with 
M2-M3;  UWBM  57080,  4 maxillaries  (edentulous);  UWBM 
57081-57090,  57140,  P4;  UWBM  57091,  dP4;  UWBM  57092- 
57113,  M1  or  M2;  UWBM  571  14-571  15,  M3;  UWBM  57117— 
57118,  dentaries  with  P4;  UWBM  57119,  dentary  with  M2-M3; 
UWBM  57 120-57 123,  P4;  UWBM  57 124-57 139,  57141-57143, 
M,  or  M2;  UWBM  57144-57149,  M3;  from  locality  C0127,  Ar- 
lington 14. 

UWBM  56783,  2 upper  incisors,  5 lower  incisors;  UWBM 
56784,  upper  incisors,  one  lower  incisor;  from  the  conglomerate 
layer  at  locality  B1533,  Arlington  4. 

UWBM  56797,  upper  incisor  from  the  conglomerate  layer  at 
locality  CO  125,  Arlington  12. 

UWBM  56798,  upper  incisor;  UWBM  56799,  lower  incisor 
from  the  conglomerate  layer;  UWBM  56800,  3 upper  incisors,  3 


lower  incisors;  from  the  top  of  the  buff  sandstones  and  siltstones; 
UWBM  56801 , upper  incisor;  UWBM  56802,  dentary  with  lower 
incisor,  P4;  from  the  base  of  the  red  siltstone;  locality  B1532, 
Arlington  3. 

UWBM  56817,  3 upper  incisors,  2 lower  incisors;  UWBM 
56818,  7 upper  incisors,  one  lower  incisor;  UWBM  568 16,  max- 
illary with  P4-M 1 ; UWBM  56823-56824,  P4;  UWBM  56825,  M 1 
or  M2;  UWBM  56819-56822,  lower  incisors;  UWBM  56826, 
dentary  with  P4-M,;  UWBM  56827-56828,  dentaries  with  P4; 
UWBM  56829,  P4;  UWBM  56830-56832,  56835,  M,  or  M2; 
UWBM  56833-56834,  M,;  from  the  buff  sandstones  and  silt- 
stones  at  locality  CO  120,  Arlington  7. 

UWBM  56856,  3 upper  incisors;  UWBM  56857,  3 upper  in- 
cisors, 2 lower  incisors;  from  the  buff  sandstones  and  siltstones 
at  locality  C0121,  Arlington  8. 

UWBM  56863,  2 upper  incisors;  UWBM  56864,  2 upper  in- 
cisors, one  lower  incisor;  UWBM  56865,  lower  incisor;  UWBM 
56868,  maxillary  with  P4-M';  UWBM  56869,  maxillary  with  P4; 
UWBM  56870,  M1  or  M2;  UWBM  56871,  dentary  with  lower 
incisor;  UWBM  56872,  dentary  (edentulous);  from  the  buff  sand- 
stones and  siltstones;  UWBM  56866,  upper  incisor;  UWBM 
56873,  7 upper  incisors;  UWBM  56867,  maxillary  with  P4-M‘; 
UWBM  56874-56875,  maxillaries  with  M'-M3;  UWBM  56876, 
maxillary  (edentulous);  UWBM  56877,  P4;  UWBM  56880,  lower 
incisor;  UWBM  56878,  dentary  with  P4-M3;  UWBM  56881, 
dentary  with  P4-M2;  UWBM  56879,  dentary  with  P4;  from  the 
base  of  the  red  siltstone;  locality  CO  124,  Arlington  1 1. 

UWBM  56913,  dentary  with  P4-M,  from  the  base  of  the  red 
siltstone  at  locality  CO  123,  Arlington  10. 

UWBM  56916,  upper  incisor;  UWBM  56914,  auditory  bulla; 
UWBM  56915,  M,  or  M2;  from  the  base  of  the  red  siltstone  at 
locality  CO  122,  Arlington  9. 

UWBM  56922,  4 upper  incisors,  one  lower  incisor;  UWBM 
56923,  maxillary  with  M'-M3;  UWBM  56924-56925,  maxillar- 
ies  (edentulous);  UWBM  56926,  M1  or  M2;  UWBM  56927,  3 
upper  incisors;  UWBM  56928,  lower  incisor;  UWBM  56929, 
dentary  (edentulous)  from  reworked  sandstones;  UWBM  56930, 
2 upper  incisors  from  the  conglomerate  layer;  locality  CO  126, 
Arlington  13. 

UWBM  57068,  upper  incisor;  UWBM  57067,  P4;  UWBM 
57065,  P4;  UWBM  57066,  M,  or  M2;  from  locality  CO  141,  Ar- 
lington 15. 

UWBM  57038-57039,  upper  incisors;  UWBM  57035,  lower 
incisor;  UWBM  57036,  2 upper  incisors;  UWBM  57037,  M,  or 
M2  from  the  buff  sandstones  and  siltstones;  UWBM  57040,  lower 
incisor;  UWBM  57041,  M,  or  M,  from  the  base  of  the  red  silt- 
stone; UWBM  57042,  3 upper  incisors;  UWBM  57043,  maxillary 
with  M2-M3;  UWBM  57044,  3 lower  incisors;  UWBM  57045, 
dentary  with  incisor,  P4-M2;  UWBM  57046,  dentary  with  M,- 
M3;  from  the  top  of  the  red  siltstone;  UO  F-8302,  partial  skull 
(edentulous)  from  the  red  siltstone;  locality  B1534,  Arlington  5. 

UWBM  56637,  30  upper  incisors;  UWBM  56625-56626, 
maxillaries  with  P4-M3;  UWBM  54376,  56627-56630,  maxil- 
laries  with  F-M1;  UWBM  54377,  56631-56633,  maxillaries  with 
P4;  UWBM  56634-56635,  maxillaries  with  M'-M2;  UWBM 
56636,  maxillary  with  M1;  UWBM  54396-54400,  56638-5666 1 , 
P4;  UWBM  54401-54402,  56662-56676,  56696-56711,  M1  or 
M2;  UWBM  56712-56713,  M3;  UWBM  56735,  15  lower  inci- 
sors; UWBM  56714-56715,  dentaries  with  P4-M,;  UWBM 
56716-56718,  dentaries  with  P4;  UWBM  56720,  dentary  with 
M,-M3;  UWBM  56721-56722,  dentaries  with  M,-M2;  UWBM 
56723,  dentary  with  M2-M3;  UWBM  56724,  dentary  with  M2; 
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UWBM  56725,  dentary  with  incisor;  UWBM  54392,  dentary 
(edentulous);  UWBM  54389-54391, 56726-56734,  56736,  56746, 
P4;  UWBM  54383-54388,  56747-56778,  M,  or  M2;  UWBM 
56779-56782,  M3;  from  locality  A8803,  Ordnance. 

Diagnosis.  — P4  with  curved  anterior  profile  of  the 
protoloph,  lophs  connecting  medially  or  lingually 
depending  on  the  presence  and  position  of  an  ac- 
cessory cuspule  on  the  metaloph,  and  hypostyle  usu- 
ally anteriorly  located;  lophs  of  upper  molars  ini- 
tially connecting  lingually,  then  buccally  to  encircle 
a medial  fossette;  protocone  on  M3  small;  dentary 
with  prominent  angular  process  not  reaching  the 
incisor  capsule;  P4  with  large,  cuspate  anteroconid, 
anterior  cingulid  originating  from  the  metaconid  and 
composed  of  small  cuspules,  small  hypostylid,  and 
deep  anterior  cleft  between  the  anterior  cingulid  and 
the  protoconid;  lower  molars  with  straight,  trans- 
verse hypolophids,  connecting  buccally  to  protolo- 
phid. 

Etymology’.  — Named  for  Pebble  Springs,  the  closest  landmark 
to  the  type  area;  Latin  suffix  ensis  meaning  native  or  resident  in. 

Description. — The  posterior  portion  of  a skull,  UO 
F-8302  (Fig.  12,  a,  b)  was  collected  by  Shotwell  and 
Avery  in  1954  from  the  NW'A,  sec.  31,  T3N,  R22E, 
UO  locality  2323.  This  description  covers  three  lo- 
calities, UWBM  locality  CO  1 22,  CO  1 23,  and  CO  1 24, 
from  which  fossils  were  collected  for  this 
report.  Matrix  adhering  to  the  skull  indicates  that 
it  was  collected  from  the  red  siltstone.  Also  from 
this  horizon  at  Arlington  9,  UWBM  locality  CO  122, 
I collected  a portion  of  an  inflated  mastoid,  UWBM 
56914.  From  these  two  specimens  it  can  be  observed 
that  the  auditory  region  was  expanded  similar  to 
the  condition  of  Dipodomys.  Most  of  both  bullae  of 
UO  F-8302  and  the  portion  of  the  skull  anterior  to 
the  parietals  are  broken  away.  The  parietals  are  long- 
er anteroposteriorly  than  those  of  Dipodomys  and 
resemble  more  closely  those  of  Perognathus,  differ- 
ing in  longer  posterior  processes  which  project  to 
the  lateral  sides  of  the  interparietal.  The  interpari- 
etal of  UO  F-8302  is  quadrate,  does  not  extend  as 
far  laterally  as  that  of  Perognathus  parvus , and  is 
not  nearly  as  reduced  as  that  of  Dipodomys,  whose 
reduction,  as  Howell  (1932:491)  notes,  is  due  to 
enlargement  of  the  auditory  region.  Fragments  of 
the  inner  wall  of  the  right  auditory  region  indicate 
that  it  extended  half  the  distance  from  the  rear  of 
the  skull  to  the  anterior  margin  of  the  parietal  and 
abutted  against  the  laterocaudal  edge  of  the  parietal. 
Therefore,  the  size  of  the  auditory  portion  of  the 
skull  of  Oregonomys  is  more  similar  to  that  of  Di- 


podomys than  to  that  of  Perognathus.  This  com- 
parison is  reinforced  by  UWBM  56914,  an  isolated 
specimen  of  a mastoid  which  is  inflated  and  bipartite 
like  that  of  Dipodomys.  The  primary  differences  dis- 
tinguishing the  mastoids  of  the  two  genera  are  the 
small  size  of  the  posterior  segment  of  the  mastoid, 
the  smaller  fossa  for  the  paraflocculus,  and  the  in- 
ternal construction  of  the  mastoid  of  Oregonomys. 
A labyrinthine  construction  of  the  mastoid  of  Or- 
egonomys is  formed  by  numerous  supporting  struts 
(Fig.  12,  b),  whereas  the  number  of  struts  in  the 
mastoid  of  Dipodomys  is  much  fewer,  resulting  in 
large,  empty  caverns.  Unlike  those  of  Perognathus 
and  other  modem  geomyid  genera,  the  mastoids  of 
Oregonomys  and  Dipodomys  do  not  have  thick,  can- 
cellous walls.  The  cochlea  is  preserved  on  UWBM 
56914  and  on  UO  F-8302  and  resembles  that  of 
Perognathus  and  Dipodomys  in  axial  length  and  me- 
dial constriction.  The  stapedial  canal  appears  to  have 
been  only  partially  ossified,  like  that  of  Perognathus, 
not  completely  ossified  as  in  Dipodomys.  Therefore, 
the  auditory  region  of  Oregonomys  possesses  some 
features  like  those  of  Perognathus,  such  as  incom- 
pletely ossified  stapedial  canal,  large  interparietal, 
and  small  indentation  for  the  paraflocculus,  but  pos- 
sesses large,  inflated  mastoids  with  noncancellous 
walls,  similar  to  the  condition  of  Dipodomys. 

The  upper  incisor  of  Oregonomys  is  larger,  but 
curved,  medially  grooved,  and  has  a short  wear  facet 
like  that  of  Perognathus.  The  sulcate  upper  incisors 
contrast  with  the  smooth  anterior  face  on  the  incisor 
of  Perognathoides  quart zus  Hall  from  Clarendonian 
deposits  in  Nevada. 

As  documented  by  many  dentulous  maxillaries 
(Fig.  12),  Oregonomys  pebblespringsensis  is  char- 
acterized by  a wide  palate  with  parallel  tooth  rows, 
a brachyodont  dentition,  and  a decrease  in  the  width 
of  the  cheek  teeth  posteriorly.  However,  the  reduc- 
tion of  width  of  the  cheek  teeth  is  not  as  great  as 
that  of  all  species  of  Perognathoides.  The  anterior 
root  of  the  zygomatic  arch  arises  opposite  or  just 
anterior  to  P4  and  is  dorsoventrally  deep,  indicating 
a broad  masseteric  fossa.  On  the  palate,  three  ridges 
originate  just  posterior  to  the  incisive  foramina.  The 
two  lateral  ridges  continue  posteriorly  and  merge 
with  the  elevated  portion  of  the  maxillary,  which 
houses  the  cheek  teeth,  and  the  medial  ridge  persists 
back  and  gradually  fades  between  the  posterior  bor- 
ders of  the  premolars.  With  tooth  wear,  lingual  union 
of  the  lophs  of  M3  occurs  first,  usually  followed  in 
a succession  anteriorly,  but  sometimes  union  of  the 
lophs  of  the  P4  occurs  secondly.  With  wear,  the  oc- 
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Fig.  12. -Selected  specimens  of  Oregonomys  pebblespringsensis.  a)  UO  F-8302,  skull,  dorsal  view;  b)  UO  F-8302,  skull,  right  lateral 
view;  c)  UWBM  56625,  left  maxillary  with  P4-M3;  d)  UWBM  568 1 6,  right  maxillary  with  P4-M';  e)  UWBM  56626,  left  maxillary  with 
P4-M3.  Scale  equals  one  millimeter. 
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Table  8.—  Measurements  of  Oregonomys  pebblespringsensis  at  different  wear  stages'  from  the  Ordnance  locality. 


Tooth  and 
measurement 

N 

Observed  range 

Mean 

s 

cv 

P4:  unworn 

AP 

9 

1.05-1 

.7 

1.33 

± 

.16 

.21  (.  14-.40) 

15.91 

± 

7.35 

T 

9 

1.2-1 

.7 

1.42 

± 

.13 

.17  (.  12-.33) 

12.07 

± 

5.58 

P4:  moderately  worn 

AP 

11 

1.2-1 

.55 

1.40 

± 

.07 

.11  (.08-.  19) 

7.92 

± 

3.31 

T 

11 

1.25-1 

.65 

1.47 

± 

.09 

.14  (.  1 0— .25) 

9.40 

± 

3.93 

P4:  worn 

AP 

10 

1.45-1 

.8 

1.58 

± 

.07 

.10  (.07-.  18) 

6.54 

± 

2.87 

T 

9 

1.5-1 

.85 

1.65 

± 

.08 

.10  (.07-19) 

6.25 

± 

2.89 

M1  or  M2: 

unworn 

AP 

16 

1.0-1 

.35 

1.17 

± 

.06 

.11  (.08-.  17) 

7.60 

± 

2.63 

T 

16 

1.2-1 

.65 

1.46 

± 

.06 

.11  (.08-.  17) 

7.32 

± 

2.54 

M1  or  M2: 

moderately  worn 

AP 

13 

1.0-1 

.3 

1.19 

± 

.06 

.10  (.07-.  17) 

8.61 

± 

3.31 

T 

13 

1.25-1 

.7 

1.46 

± 

.08 

.13  (.09-.21) 

9.18 

± 

3.53 

M'  or  M2: 

worn 

AP 

17 

1.1-1 

.4 

1.23 

± 

.05 

.09  (.07-.  14) 

7.58 

± 

2.55 

T 

17 

1.2-1 

.8 

1.59 

± 

.08 

.15  (.1 1-.23) 

9.61 

± 

3.23 

P4:  unworn 

AP 

9 

1.0-1 

.4 

1.17 

± 

.11 

.14  (.10-27) 

12.12 

± 

5.60 

T 

9 

.85-1 

.36 

1.10 

± 

.14 

.18  (.  12-.35) 

16.06 

± 

7.42 

P4:  moderately  worn 

AP 

16 

1.05-1 

.25 

1.17 

± 

.06 

.12  (.09—.  1 9) 

9.94 

± 

3.44 

T 

13 

.90-1 

.3 

1.14 

± 

.06 

.10  (.07—.  17) 

8.70 

± 

3.34 

P4:  worn 

AP 

4 

1.15-1 

.3 

1.24 

± 

.10 

.06  (.03— .22) 

5.08 

± 

3.52 

T 

4 

1.0-1 

.25 

1.16 

± 

.18 

.11  (.06-41) 

9.54 

± 

6.61 

M,  or  M2: 

unworn 

AP 

19 

.95-1 

.45 

1.25 

± 

.06 

.13  (.10-.  19) 

10.58 

± 

3.36 

T 

19 

1.15-1 

.6 

1.36 

± 

.07 

.14  (.1 1-.21) 

9.99 

± 

3.18 

M,  or  M2: 

moderately  worn 

AP 

16 

1.2-1 

.4 

1.30 

± 

.04 

.08  (.06-.  12) 

5.79 

± 

2.01 

T 

16 

1.35-1 

.65 

1.52 

± 

.04 

.08  (.06-.  12) 

5.34 

± 

1.85 

M,  or  M2: 

worn 

AP 

12 

1.2-1 

.45 

1.33 

± 

.06 

.09  (.06-.  15) 

6.70 

± 

2.68 

T 

12 

1.4-1 

.7 

1.51 

± 

.06 

.10  (.07-.  17) 

6.90 

± 

2.76 

1 Wear  stages  as  follows:  (1)  unworn— cusps  discernible;  (2)  moderately  worn  — loph  union  has  occurred;  and  (3)  worn  — loph  union  across  half  or  more  of  the  occlusal  surface. 


clusal  dimensions  of  the  cheek  teeth  change  as  il- 
lustrated by  Table  8,  particularly  those  of  the  pre- 
molars. 

The  protoloph  of  the  upper  premolars  exhibits  a 
low  population  variability,  but  the  metaloph  shows 
a wide  range  of  variation.  On  all  but  1 of  64  known 
specimens,  the  protoloph  is  composed  of  a large, 
columnar  protocone,  which  dominates  a smaller, 
buccal  cuspule.  The  two  cusps  unite  during  the  course 
of  wear  to  form  an  ellipse-shaped  occlusal  surface. 


which  is  oriented  obliquely  with  the  buccal  margin 
farther  away  from  the  metaloph.  This  contrasts  with 
the  species  of  Perognathoides,  which  have  a bilat- 
erally symmetrical  protoloph  connecting  medially 
to  the  metaloph.  UWBM  57074  has  two  accessory 
cuspules  on  the  buccal  side  of  the  protocone  and  an 
enamel  bulge  on  the  posterior  side,  but  with  wear 
the  same  occlusal  pattern  of  the  other  premolars 
would  emerge.  The  anterior  face  of  all  premolars  of 
O.  pebblespringsensis  is  curved  downward;  there  is 
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Fig.  13.  — Selected  teeth  of  Oregonomys  pebblespringsensis.  a)  UWBM  56652,  left  P4;  b)  UWBM  56641,  left  P4;  c)  UWBM  56659,  left 
P4;  d)  UWBM  56645,  right  P4;  e)  UWBM  57901,  left  dP4.  Buccal  is  to  the  top;  scale  equals  one  millimeter. 


not  constant  slope  of  the  anterior  profile.  The  po- 
sition of  the  hypostyle  ranges  from  a position  in  line 
with  the  metaloph,  as  on  UWBM  56652  (Fig.  13, 
a)  and  56653,  to  a position  perpendicular  to  the 
metaloph.  On  all  specimens  that  exhibit  anterior 
displacement  of  the  hypostyle,  it  connects  to  the 


lingual  corner  of  the  hypocone  by  a short,  posterior 
cingulum.  The  metacone  and  hypostyle  are  subequal 
and  smaller  than  the  hypocone.  The  most  variable 
feature  of  the  metaloph,  and  one  which  determines 
the  manner  of  loph  connection  of  P4,  is  the  presence 
or  absence,  position,  and  size  of  a small  cuspule.  If 
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Fig.  14.  — Selected  specimens  of  some  species  of  Oregonomys.  a)  O.  sargenti,  UWBM  57779,  right  maxillary  with  P4-M‘;  b)  O. 
pebblespringsensis,  UWBM  571  16,  left  dentary  with  P4-M3  (holotype);  c)  O.  pebblespringsensis,  UWBM  56729,  left  P4;  d)  O.  pebble- 
springsensis,  UWBM  56714,  left  dentary  with  P4-M,;  e)  O.  pebblespringsensis,  UWBM  56726,  right  P4;  0 O.  sargenti,  UO  F-3637,  left 
dentary  with  P4-M3  (holotype);  g)  O.  magnus,  SDSM  8749,  left  dentary  with  P4-M3.  Scale  equals  one  millimeter.  Buccal  is  to  the  top 
on  isolated  teeth. 
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the  cuspule  is  absent,  the  lophs  remain  separate  until 
very  late  wear  stages  when  they  unite  medially  (Fig. 
12,  c).  When  the  cuspule  is  present,  it  is  normally 
between  the  hypostyle  and  hypocone  on  the  anterior 
side  of  the  metaloph.  Although  it  can  be  attached 
to  either  major  cusp  and  sometimes  bridges  both, 
the  cuspule  usually  arises  from  the  base  of  the  hy- 
postyle (Fig.  13,  a,  b,  c)  causing  wear  to  unite  the 
metaloph  and  protoloph  at  their  lingual  extremities 
(Fig.  12,  e;  Fig.  13,  d).  Therefore,  the  variable  po- 
sition of  the  cuspule  results  in  initial  loph  connec- 
tion ranging  from  lingual  to  medial.  From  the  Ar- 
lington localities,  only  7 of  21  specimens  exhibit  an 
accessory  cuspule,  while  half  of  the  sample  from 
Ordnance  possesses  a cuspule.  This  difference  might 
reflect  the  smaller  sample  from  the  Arlington  lo- 
calities or  could  represent  a slight  temporal  differ- 
ence. 

Some  specimens  of  P4  exhibit  other  variations  of 

the  position  of  the  cuspule.  UWBM  57074  has  a 
newly  erupting  P4  followed  by  an  M1  on  which  the 
cusps  have  been  worn  away,  but  lingual  union  has 
not  occurred.  In  this  specimen  the  cuspule  is  be- 
tween the  hypostyle  and  hypocone,  and  with  little 
wear  it  would  soon  be  indistinguishable.  Therefore, 
the  cuspule  might  have  been  present  on  moderately 
worn  specimens,  but  incorporated  into  the  meta- 
loph. Other  variations  include  UWBM  56868,  which 
possesses  two  cuspules  between  the  hypocone  and 
metacone  on  the  anterior  and  posterior  margins  of 
the  metaloph,  enclosing  a small  fossette.  On  UWBM 
56877  a cuspule  exists  on  the  posterior  edge  of  the 
metaloph  between  the  metacone  and  hypocone,  and 
many  worn  specimens  have  an  enamel  bulge  on  the 
anterior  side  of  the  metacone  which  might  represent 
this  cuspule.  There  appears  to  be  no  correlation  be- 
tween the  presence  or  position  of  cuspules  and  the 
position  of  the  hypostyle. 

Three  roots,  two  beneath  the  metaloph,  are  well 
developed  on  P4  before  occlusal  wear.  Only  two  roots 
are  normally  present  on  the  P4  of  Diprionomys  par- 
vus (Shotwell,  1967:15).  The  crown  pattern  of  an 
isolated  dP4,  UWBM  57091  (Fig.  13,  e),  resembles 
that  of  the  deciduous  premolars  illustrated  by  Wood 
(1935:219)  for  the  pocket  mice.  Instead  of  the 
Y-shaped  configuration  characteristic  of  the  poste- 
rior loph  of  the  dP4  of  Parapliosaccomys  and  the 
metaloph  of  the  upper  molars  of  other  geomyines 
(a  characteristic  which  seems  consistent;  the  identity 
of  the  posterior  loph  of  a deciduous  premolar  and 
the  posterior  loph  of  the  molar),  UWBM  57091  has 
three  cusps  arranged  in  a transverse  line.  The  central 


Fig.  15.  — Left  dentary  of  Oregonomys  pebblespringsensis  (A), 
UWBM  57116  (holotype),  compared  with  the  same  element  in 
O.  sargenti  (B),  UWBM  57778,  with  occlusal  view  of  the  latter 
(Q. 

cusp  on  this  loph  is  displaced  anteriorly  as  is  the 
hypocone  of  the  upper  molars  of  Oregonomys,  and 
the  loph  is  connected  lingually  to  the  bicusped  me- 
dial loph.  The  anterior  loph,  which  remains  separate 
from  the  other  lophs  after  wear,  consists  of  a major 
cusp  flanked  lingually  by  a cuspule  and  buccally  by 
an  enamel  shelf. 

The  upper  molars  are  conservative  in  their  con- 
struction. They  are  suboval  in  outline  and,  with  wear, 
their  lophs  unite  first  at  the  lingual  margin  and  then 
at  the  buccal  extremity  of  the  molars,  forming  a 
fossette  from  the  transverse  valley.  The  fossette  ap- 
pears first  on  the  M3,  but  can  be  next  formed  on 
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Table  9.  — Types  of  connections  of  the  lophids  of  P4  in  Oregono- 
mys. 


Connection  type 

Arlington 

Ordnance 

McKay 

Hagerman 

Medial 

i 

4 

0 

0 

Medial  then  buccal 

4 

15 

i 

i 

Buccal  then  medial 

2 

3 

0 

0 

either  M1  or  M2.  It  is  difficult  to  differentiate  be- 
tween isolated  specimens  of  M1  and  M2,  although 
the  lophs  of  M1  are  normally  more  curved,  the  an- 
terior cingulum  is  better  developed  and  isolates  the 
protocone,  and  the  inflection  of  the  hypostyle  is  more 
pronounced,  resulting  in  a square  posterolingual 
corner.  The  first  two  molars  have  three  roots;  two 
beneath  the  buccal  margin  and  one  beneath  the  lin- 
gual edge. 

Specimens  of  M3  from  Ordnance  differ  in  root 
formation  from  those  collected  at  Arlington.  All  third 
molars  have  three  roots,  but  those  from  Ordnance 
have  convergent  roots,  whereas  those  from  Arling- 
ton have  widely  divergent  roots.  Based  on  a total  of 
three  specimens  from  both  regions  on  which  roots 
can  be  observed,  I hesitate  to  put  much  reliance  on 
the  characteristic,  particularly  since  it  occurs  on  the 
last  tooth  in  the  row,  a most  variable  molar. 

Many  of  the  dentaries  are  well  preserved,  possess 
a complete  dentition,  and  are  constructed  similar 
to  those  of  extant  taxa  of  pocket  mice.  The  holotype 
of  O.  pebb/espringsensis,  UWBM  57116  (Fig.  14,  b; 
Fig.  15,  A),  is  extraordinarily  well  preserved  with 
the  coronoid  and  articular  processes,  incisor,  and 
complete  and  unworn  adult  dentition  intact.  Only 
a portion  of  the  angular  process  is  broken  away.  In 
this  specimen  and  numerous  others  the  mental  for- 
amen is  situated  below  the  diastema  and  anterior 
to  the  masseteric  scar  as  is  characteristic  of  Hetero- 
mys  and  Liomys.  The  mandibular  symphysis  of  O. 
pebblespringsensis  ends  below  the  midpoint  of  the 
diastema,  forming  a curved  ventral  margin  of  the 
dentary  unlike  the  highly  angulate  dentary  of  the 
Recent  geomyines.  There  is  no  well  defined  dorsal 
crest  for  insertion  of  M.  masseter  medialis,  pars  an- 
terior on  the  dentary  of  O.  pebblespringsensis,  and 
the  ventral  ridge  terminates  below  P4  just  ahead  of 
its  anterior  root  and  ventral  to  the  midpoint  of  the 
mandibular  depth.  From  this  point  the  lower  mas- 
seteric crest  descends  to  near  the  ventral  margin  of 
the  dentary,  continues  posteriad  as  a horizontal  line, 
and  fades  below  M3,  similar  to  the  condition  of 
Liomys  and  Heteromys,  although  their  masseteric 


ridges  descend  at  a greater  angle.  On  UWBM  57116, 
UWBM  5688 1 , and  UWBM  57046,  structure  of  the 
ascending  ramus  appears  most  like  that  of  Perog- 
nathus  and  Liomys,  but  shows  some  similarities  to 
Dipodomys.  The  coronoid  process,  for  example,  is 
deflected  laterally  more  than  that  of  Perognathus  or 
Liomys,  but  not  to  the  degree  exhibited  by  Dipod- 
omys, indicating  expansion  of  the  auditory  region 
on  the  skull  of  O.  pebblespringsensis.  As  noted  for 
the  skull  and  reflected  by  development  of  the  an- 
gular process,  the  inflation  of  the  auditory  region 
resembles  that  of  Dipodomys,  but  has  not  progressed 
as  far.  On  Dipodomys  the  angular  process  is  greatly 
expanded,  flares  laterally,  and  extends  up  to  the  in- 
cisor capsule,  whereas  that  of  O.  pebblespringsensis 
is  less  expanded  and  is  more  similar  to  that  of  Perog- 
nathus, in  which  the  dorsal  edge  of  the  process  lies 
well  below  the  incisor  capsule.  The  dental  foramen 
lies  on  the  incisor  trace  below  the  bifurcation  of  the 
articular  and  coronoid  processes.  The  alveoli  of  the 
anterior  molars  are  double-rooted  and  well  divided, 
but  those  of  M3  are  shallow,  so  the  M,  is  seldom 
found  inserted.  Therefore,  the  ramus  of  the  dentary 
has  characteristics  which  typify  species  of  the  Het- 
eromyinae,  but  the  ascending  ramus  displays  mor- 
phological characteristics  which  resemble  those  of 
Dipodomys  and  Perognathus. 

The  lower  incisor  of  O.  pebblespringsensis  is  gently 
curved  and  flattened  on  the  medial  side.  Although 
larger  than  those  of  Diprionomys  parvus,  these  in- 
cisors are  similar  in  that  the  enamel  curves  around 
the  anterior  face  and  ends  almost  midway  on  the 
lateral  side,  usually  farther  than  on  Recent  species 
of  pocket  mice.  The  distal  terminus  of  the  lower 
incisor  of  O.  pebblespringsensis  is  in  a well  formed 
incisor  capsule,  constructed  most  like  that  of  Lio- 
mys. 

The  cheek  teeth  are  brachyodont  and  are  heavily 
constructed  like  those  of  Liomys.  As  demonstrated 
by  UWBM  567 14  (Fig.  14,  d),  before  the  P4  has  fully 
erupted,  all  of  the  cusps  on  M,  are  worn  and  con- 
nected on  each  lophid.  In  a later  wear  stage,  as  ex- 
emplified by  the  type  specimen,  the  cusps  on  the 
hypolophid  of  P4  are  united,  but  those  on  the  meta- 
lophid  are  untouched,  and  the  lophids  of  the  molars 
are  worn  to  transverse  crests.  When  wear  does  occur 
on  the  metalophid  of  P4,  as  on  UWBM  57045,  the 
molar  lophs  remain  separate,  but  tend  to  unite  me- 
dially and  buccally  to  form  a buccal  fossette.  When 
a buccal  and  a medial  connection  form  on  the  P4, 
only  a lingual  indentation  remains  on  the  molars  as 
exemplified  by  UWBM  569 1 3.  Measurements  of  the 
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premolars  and  molars  from  the  Ordnance  locality 
at  different  wear  stages  are  presented  in  Table  8. 

The  premolar  on  the  type  specimen  (Fig.  14,  b) 
illustrates  the  basic  configuration  of  the  P4  of  O. 
pebblespringsensis.  The  metalophid  is  composed, 
lingually  to  buccally,  of  a large,  high  protoconid,  a 
distinct  anteroconid,  and  a metaconid  from  which 
an  anterior  cingulid  originates,  extends  around  the 
anterobuccal  corner  of  the  P4,  and  terminates  op- 
posite the  protoconid.  The  cingulid  is  separated  from 
the  protoconid  by  a deep,  anterior  cleft.  The  cingulid 
is  composed  of  one  or  two  minute  cuspules  and 
mirrors  the  anterobuccal  cingulid  of  the  molars. 
Sometimes  when  two  cuspules  exist,  as  on  UWBM 
56726  (Fig.  14,  e),  the  cingulid  merges  with  the  pro- 
toconid so  no  anterior  cleft  remains.  UWBM  5439 1 
and  56727  have  an  additional  cuspule  anterior  to 
the  protoconid.  With  wear  a buccal  connection  be- 
tween the  metaconid  and  hypostylid  and  a medial 
connection  between  the  hypoconid  and  anterocon- 
id, a cusp  which  is  normally  isolated  internally, 
would  appear  at  about  the  same  time.  Elowever,  like 
the  upper  premolar,  the  lower  has  a range  of  con- 
nections of  the  lophids  from  central,  to  central  then 
buccal,  to  buccal  then  medial,  and  the  point  of  con- 
nection is  also  dependent  upon  the  variation  of  a 
single  cusp,  in  this  case,  the  anteroconid.  If  the  an- 
teroconid is  absent  like  that  on  UWBM  56729  (Fig. 
14,  c),  or  incipient  like  that  on  UWBM  56726  and 
56730,  the  metalophid  and  hypolophid  first  meet 
buccally,  then  medially.  A large  anteroconid  some- 
times results  in  a medial  connection  followed  by  a 
buccal  connection,  but  sometimes,  as  on  UWBM 
57118,  a medial  connection  persists.  Table  9 illus- 
trates the  distribution  of  the  types  of  connections 
from  the  different  localities. 

In  contrast  to  the  wide  variability  of  the  meta- 
lophid of  P4,  the  hypolophid  is  more  conservatively 
constructed,  consisting  of  three  cusps  arranged  in  a 
transverse  crest.  Only  the  hypostylid,  which  is  often 
so  small  that  the  posterior  lophid  appears  bicuspid, 
displays  any  variation. 

The  three  lower  molars  are  similar,  except  for 
minor  differences  such  as  size  (Table  10)  and  de- 
velopment of  the  anterobuccal  cingulid.  The  M,  is 
normally  the  largest  tooth,  has  a more  angular  cin- 
gulid than  M2  or  M3,  squaring  the  anterobuccal  cor- 
ner, and  the  roots  normally  diverge  greatly.  The 
occlusal  outline  of  M2  is  oval,  and  the  roots  are  close 
together,  sometimes  fused  throughout  much  of  their 
length.  Union  of  the  lophids  after  wear  is  at  the 
buccal  margin,  although  a few  teeth,  particularly 


third  molars,  show  tendencies  for  medial  connection 
followed  by  a buccal  union.  This  tendency  on  M3  is 
the  result  of  the  anterior  position  of  the  protostylid, 
which  produces  a shorter  cingulid  than  is  present  in 
M,  or  M2.  Similarities  between  the  molars  include: 
bulbous  cusps,  a transverse,  crest-shaped  hypolo- 
phid, and  a metalophid,  which  has  a nearly  isolated 
protoconid  and  an  anterobuccal  cingulid  originating 
from  the  protostylid. 

Oregonomys  sargenti  (Shotwell) 

Perognathus  sargenti  Shotwell,  1956:730-731;  1967:12-13. 

Holotype.  — \JO  F-3637,  dentary  with  P4-M3. 

Type  locality.  — UWBM  locality  CO  128  (equals 
UO  locality  2222),  McKay  Reservoir. 

Stratigraphic  position.  — Dalles  Formation,  sensu 
lato  (Newcomb,  1971). 

Age.  — Hemphillian. 

Referred  specimens.— U WBM  57777,  upper  incisor;  UWBM 
57779,  maxillary  with  P-M1;  UWBM  57780,  M1;  UWBM  57781, 
M2;  UWBM  57778,  dentary  with  P„-M2;  UWBM  57973,  max- 
illary with  P4-M 1 ; UWBM  57974,  isolated  M1  and  M2;  UWBM 
57975,  M3;  UWBM  57976,  dentary  with  M,-M3;  UWBM  57977, 
M,  or  M2;  UWBM  57978,  M3  from  locality  C0128,  McKay 
Reservoir. 

Preservation.  — UWBM  57973-57978  include 
specimens  of  a single  individual  preserved  in  a cop- 
rolite  with  specimens  of  Perognathus.  sensu  stricto. 
All  others  were  obtained  by  surface  prospecting,  hand 
breaking,  or  washing. 

Amended  diagnosis.—  Anterior  profile  of  P4  un- 
curved; protoloph  of  P4  assuming  trapezoidal  oc- 
clusal surface  with  narrow  anterior  end;  hypostyle 
in  line  with  metaloph  on  P4,  and  no  lingual  con- 
nection of  lophs  on  available  specimens;  lophs  of 
M1  connecting  medially  and  lingually  at  about  the 
same  time  unlike  O.  pebblespringsensis ; lophs  of 
M2-M3  connecting  lingually  first,  then  buccally, 
forming  medial  fossettes;  small  protocone  on  M3 
unlike  O.  magnus\  angular  process  on  dentary  large, 
extending  near  incisor  capsule;  P4  extremely  mo- 
lariform;  large,  cuspate  anteroconid  unlike  O.  mag- 
nus,  anterior  cingulid  crest-shaped,  originating  from 
the  mesoconid;  deep  anterior  cleft  unlike  O.  mag- 
nus\  double  medial  connection  of  lophids  on  P4  un- 
like O.  pebblespringsensis ; large  hypostylid  forming 
a wide  hypolophid  on  P4;  lophids  of  lower  molars 
connecting  medially  unlike  O.  magnus ; hypolophid 
on  M,  and  M2  angulate. 

Description.  — This  collection  includes  the  first 
known  upper  teeth  of  this  species,  including  the  up- 
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Table  10.  — Measurements  o/Oregonomys  pebblespringsensis. 


Museum  no. 

Specimen 

AP 

T 

Locality  CO  123 

UWBM 

56913, 

dentary  with  P4 

1.2 

1.3 

M, 

1.3 

1.5 

Locality  CO  122 

UWBM 

56914, 

M,  or  M, 

1.35 

1.4 

Locality  CO  126 

UWBM 

56923, 

maxillary  with  M1 

1.35 

1.55 

M2 

1.15 

1.45 

M3 

.95 

1.15 

UWBM 

56926, 

M1  or  M2 

1.35 

1.4 

Locality  CO  141 

UWBM 

57067, 

P4 

1.15 

1.2 

UWBM 

57065, 

P4 

1.0 

1.03 

UWBM 

57066, 

M,  or  M2 

1.12 

1.4 

Locality  CO  120 

UWBM 

56816, 

maxillary  with  P4 

1.4 

1.5 

M1 

1.3 

1.7 

UWBM 

56824, 

P4 

1.45 

1.6 

UWBM 

56825, 

M‘  or  M2 

1.25 

1.4 

UWBM 

56826, 

dentary  with  P4 

1.25 

1.3 

M, 

1.35 

1.7 

UWBM 

56827, 

P4 

1.2 

1.3 

UWBM 

56828, 

P4 

1.3 

1.3 

UWBM 

56829, 

P4 

1.15 

1.35 

Locality  CO  120 

UWBM 

56830, 

M,  or  M2 

1.4 

1.5 

UWBM 

56831, 

M,  or  M2 

1.3 

1.4 

UWBM 

56832, 

M,  or  M2 

1.3 

1.6 

UWBM 

56833, 

m3 

1.15 

1.35 

UWBM 

56834, 

m3 

1.15 

1.4 

Tooth  and 


measurement 

N 

Observed  range 

Mean 

s 

cv 

Locality  CO  124 

P4,  AP 

3 

1.35-1.7 

1.58  ± .40 

.16  (.08-1.0) 

10.15  ± 8.12 

T 

4 

1.35-1.65 

1.5  ± .27 

.17  (.10-.63) 

11.55  ± 8.00 

M'  or  M2,  AP 

6 

1.05-1.4 

1.22  ± .13 

.12  (.08-  30) 

9.95  ± 5.63 

T 

6 

1.4-1. 5 

1.49  ± .10 

.09  (.06-.22) 

6.15  ± 3.48 

M\  AP 

2 

.95-1.0 

.98  ± .36 

.04  (.02-1.28) 

3.63  ± 3.56 

T 

2 

1.05-1.15 

1.10  ± .63 

.07  (.03-2.23) 

6.43  ± 6.30 

P4,  AP 

3 

1.2-1.45 

1.3  ± .32 

.13  (.07-.82) 

10.18  ± 8.15 

T 

3 

1.15-1.3 

1.22  ± .20 

.08  (.04-  5) 

6.28  ± 5.03 

M,  or  M2,  AP 

4 

1.2-1.45 

1.34  ± .18 

.11  (.06— .4 1 ) 

8.29  ± 5.75 

T 

4 

1.45-1.6 

1.51  ± .10 

.06  (.04-.22) 

4.16  ± 2.88 

Locality  CO  127 

P4,  AP 

15 

1.3-1. 8 

1.49  ± .08 

.15  (.1 1-.24) 

10.14  ± 3.63 

T 

15 

1.3-1. 7 

1.48  ± .07 

.12  (.09-.  19) 

7.99  ± 2.86 

M1  or  M2,  AP 

27 

.95-1.4 

1.22  ± .08 

.12  (.10-.  1 7) 

10.11  ± 2.70 

T 

26 

1.25-1.8 

1.52  ± .06 

.15  (.12-21) 

9.73  ± 2.65 

M3,  AP 

5 

.95-1.1 

1.04  ± .09 

.07  (.04-20) 

6.27  ± 3.89 

T 

5 

1.2-1. 3 

1.27  ± .06 

.05  (.03-.  14) 

3.52  ± 2.18 

P4,  AP 

7 

1.1-1.45 

1.22  ± .11 

.12  (.08-.26) 

9.42  ± 4.94 

T 

7 

1.05-1.45 

1.25  ± .12 

.13  (.08-.29) 

10.07  ± 5.28 

1984 


MARTIN -TERTIARY  POCKET  MICE 


117 


Table  10  . — Continued. 


Tooth  and 
measurement 

N 

Observed  range 

Mean 

s 

cv 

M,  or  M2,  AP 

22 

1.2-1.45 

1.3  ± .03 

.07  (.05-.  10) 

5.57  ± 1.65 

T 

21 

1.25-1.7 

1.42  ± .08 

.11  (.08-.  16) 

7.58  ± 2.29 

M3,  AP 

8 

1.0-1. 2 

1.075  ± .08 

.09  (.06-.  18) 

8.25  ± 4.04 

T 

8 

1.1-1.35 

1.225  ± .07 

.08  (.05-.  16) 

6.17  ± 3.02 

Locality  A8803 

P4,  AP 

38 

1.0-1. 8 

1.42  ± .06 

.18  (.15-.23) 

12.53  ± 2.82 

T 

37 

1.2-1.85 

1.49  ± .05 

.16  (.  13-.21) 

10.91  ± 2.49 

M1  or  M2,  AP 

46 

1.0-1. 4 

1.20  ± .03 

.10  (.08-.  13) 

8.65  ± 1.77 

T 

46 

1.25-1.8 

1.51  ± .04 

.14  (.12-.  18) 

9.56  ± 1.95 

M3,  AP 

4 

o 

0 

1 

b 

.96  ± .08 

.05  (.03-.  19) 

4.97  ± 3.44 

T 

4 

1.1-1. 3 

1.21  ± .14 

.09  (.05-.34) 

7.04  ± 4.88 

P4,  AP 

27 

1.0-1. 4 

1.17  ± .04 

.11  (.09-.  15) 

9.18  ± 2.45 

T 

27 

.85-1.36 

1.14  ± .06 

.14  (.1 1-.19) 

12.04  ± 3.21 

M,  or  M2,  AP 

47 

.95-1.5 

1.28  ± .03 

.11  (.09-.  14) 

8.53  ± 2.28 

T 

47 

1.2-1. 7 

1.45  ± .04 

.14  (.12-18) 

9.28  ± 1.88 

M„  AP 

6 

.80-1.2 

1.08  ± .16 

.15  (.09-.37) 

14.03  ± 7.94 

T 

6 

co 

7 

o 

1.18  ± .10 

.09  (.Q6-.22) 

7.49  ± 4.24 

per  and  lower  dentition  of  a single  individual.  Ex- 
cept for  the  morphology  of  P4  and  the  manner  of 
connection  of  lophs  of  M1,  the  upper  cheek  teeth 
and  incisor  are  similar  to  those  of  O.  pebblesprings- 
ensis.  The  protoloph  of  the  P4  of  O.  sargenti  is  large 
and  wears  to  a trapezoidal  outline  forming  a larger 
surface  area  (Fig.  14,  a)  than  on  the  elliptical  pro- 
toloph of  O.  pebblespringsensis.  Like  that  of  Tho- 
momys  and  some  species  of  Perognathus,  and  unlike 
that  of  O.  pebblespringsensis  and  Oregonomys  mag- 
nus  (Zakrzewski),  the  anterior  slope  of  the  protoloph 
of  the  P4  of  O.  sargenti  is  straight  to  the  tooth  base. 
The  two  lophs  on  the  P4  of  the  species  from  McKay 
Reservoir  remain  separate  until  very  late  wear  stages 
when  medial  union  occurs.  The  metaloph  on  avail- 
able specimens  of  the  upper  premolar  of  O.  sargenti 
differs  from  that  of  O.  pebblespringsensis  in  the  ab- 
sence of  both  accessory  cuspules  and  the  anterior 
inflection  of  the  hypostyle.  The  medial  valleys  of 
the  upper  molars  on  some  specimens  of  O.  sargenti 
may  be  narrower  than  those  of  O.  pebblespringsen- 
sis. 

In  deflection  of  the  coronoid  process  and  prom- 
inent incisor  capsule  the  dentaries  of  the  two  species 
are  identical;  however,  the  articular  process  of  the 
dentary  of  O.  sargenti  is  slightly  more  inflected  me- 
dially, and  the  angular  processes  on  the  type  spec- 
imen and  UWBM  57778  (Fig.  1 5,  B)  appear  to  have 
risen  higher  than  the  corresponding  processes  on  O. 
pebblespringsensis.  These  characteristics  might  point 


to  an  even  more  greatly  expanded  auditory  region 
on  O.  sargenti  than  on  O.  pebblespringsensis. 

Descriptions  of  the  type  specimen  by  Shotwell 
(1956,  1967)  illustrate  the  unworn  lower  dentition 
(Fig.  14,  f).  The  additional  specimens  found  in  the 
coprolite  and  UWBM  57778  exemplify  the  occlusal 
morphology  after  wear.  Particularly,  UWBM  57778 
clearly  indicates  that  the  lophids  on  the  cheek  teeth 
meet  medially  (Fig.  1 5,  C).  The  M,  has  a prominent 
central  union  and  a smaller  buccal  connection  of  the 
lophids,  while  those  of  P4  and  M2  have  only  a medial 
connection.  The  latter  two  teeth  are  almost  identical 
except  that  the  metalophid  of  the  P4  is  shorter  trans- 
versely as  indicated  by  Table  1 1 and  retains  an  an- 
terior notch  between  the  anteroconid  and  protocon- 
id.  With  additional  wear  a buccal  connection  of  the 
lophids  would  occur  on  P4,  like  that  on  M,.  The  P4 
is  very  molariform  in  a worn  state,  and  as  UO  F-3637 
indicates,  morphology  of  the  unworn  premolar  is 
very  similar  to  that  of  the  molars.  The  anterobuccal 
cingulid  and  metaconid  closely  resemble  the  antero- 
buccal cingulid  and  protostylid  of  the  molars,  the 
anteroconid  corresponds  to  the  protoconid,  and  the 
protoconid  of  P4  is  the  analogue  of  the  metaconid 
on  the  molars.  A distinctive  feature  of  P4  is  a double 
medial  connection  of  the  lophids.  Two  crests,  one 
from  the  anteroconid  and  one  from  the  protoconid, 
join  the  hypoconid  and  entoconid,  respectively.  Only 
a single  crest  joins  the  midpoints  of  the  lophids  on 
the  molars. 


118 


SPECIAL  PUBLICATION  CARNEGIE  MUSEUM  OF  NATURAL  HISTORY 


NO.  9 


Table  1 1.—  Measurements  o/Oregonomys  sargenti. 


Museum  no. 

Specimen 

AP 

T 

UWBM  57779, 

maxillary  with  P4 

1.55 

1.7 

M1 

1.35 

1.65 

UWBM  57780, 

M‘ 

1.25 

1.4 

UWBM  57781, 

M2 

1.05 

1.45 

UWBM  57778, 

dentary  with  P4 

1.25 

1.4 

M, 

1.25 

1.6 

m2 

1.15 

1.6 

UWBM  57782-3, 

maxillary  with  PJ 

1.35 

1.4 

M, 

1.25 

1.4 

UWBM  57782-6, 

M1 

1.2 

1.4 

UWBM  57782-6, 

M2 

1.2 

1.4 

UWBM  57782-17, 

M3 

.9 

1.15 

UWBM  57782-11, 

dentary  with  M, 

1.4 

1.45 

m2 

1.35 

1.4 

m3 

1.15 

1.2 

UWBM  57782-26, 

M,  or  M, 

1.35 

1.4 

UWBM  57782-24, 

m3 

1.2 

1.25 

Because  there  is  a great  tendency  for  medial  union 
of  the  lophids,  the  lower  molars  have  some  differ- 
ences compared  with  those  of  O.  pebb/espringsensis. 
In  particular,  the  middle  cusp  on  each  lophid  of  the 
molars  of  O.  sargenti  is  expanded  to  fill  the  trans- 
verse valleys.  The  anterior  edge  of  the  hypoconid  is 
especially  enlarged,  pointed,  and  gives  the  hypolo- 
phid  a more  angular  anterior  border  than  that  of  O. 
pebb/espringsensis. 

The  M3  of  the  type  specimen  is  unique  in  that  a 
medial  union  of  the  lophids  is  almost  formed  when 
the  tooth  is  unworn.  However,  the  specimens  of  M3 
preserved  in  the  coprolite  have  well  divided  lophids 
like  those  of  O.  pebb/espringsensis.  Therefore,  UO 
F-3637  may  indicate  the  initiation  of  a tendency  for 
central  union  of  the  lophids  on  M3,  but  the  species 
sometimes  retains  the  configuration  of  O.  pebble- 
springsensis. 

Oregonomys  ntagnus  (Zakrzewski) 

Perognathus  magnus  Zakrzewski,  1969:1  1-12. 

Type  specimen.  — UMMP  V55958,  maxillary  with 
P4-M3. 

Type  locality.—  UM-Ida.  la-65;  sec.  32,  T8S, 
R 1 3E. 

Stratigraphic  position.  — Glenns  Ferry  Formation. 

Age.  — Blancan;  from  the  Hagerman  fauna. 

Referred  specimens.  — SDSM  8749,  dentary  with  P4-M3;  UMMP 
V53563,  dentary  with  P4-M,  (worn);  from  UM-Ida.  la-65  in 
Idaho. 

Amended  diagnosis.  — Smaller  than  O.  pebble- 
springsensis  or  O.  sargenti ; anterior  profile  of  P4 


Table  12.—  Measurements  of  Oregonomys  magnus. 


Museum  no. 

Specimen 

AP 

T 

UMMP  V55958, 

P4 

1.32 

1.50 

M' 

1.10 

1.61 

M2 

1.02 

1.42 

M3 

.90 

1.19 

UMMP  V53565, 

P< 

.97 

1.03 

M, 

1.25 

1.41 

m2 

1.20 

1.38 

SDSM  8749, 

P4 

1.0 

.98 

M, 

1.11 

1.37 

m2 

111 

1.32 

m3 

.82 

1.08 

abbreviated  unlike  O.  sargenti,  hypostyle  strongly 
inflected,  lophs  connecting  lingually,  and  accessory 
cuspules  absent  on  metaloph  of  P4;  lophs  connecting 
medially  on  M1;  lophs  connecting  lingually  and  buc- 
cally,  forming  medial  fossettes  on  M2-M3;  proto- 
cone on  M3  large;  anteroconid  small  and  crest-shaped 
on  P4,  deep  anterior  cleft  absent  and  anterior  cin- 
gulid  on  P4  composed  of  two  cuspules  connecting 
to  protoconid,  not  to  metaconid;  double  medial  con- 
nection of  lophids  on  P4;  hypostylid  of  P4  larger  than 
that  of  O.  pebb/espringsensis,  but  smaller  than  that 
of  O.  sargenti ; hyplophid  transversely  straight  on 
M ,-M2  with  no  anterior  angulation  and  lophids  con- 
necting buccally;  valley  between  the  anterior  cin- 
gulid  and  protoconid  of  M,  remaining  longer  than 
on  other  species;  lophids  of  M3  connecting  medially. 

Description.  — Specimens  of  O.  magnus  are  small- 
er (Table  12)  than  those  of  O.  sargenti  or  O.  peb- 
blespringsensis.  For  example,  the  alveolar  distance 
of  the  lower  cheek  teeth  of  SDSM  8749  is  4.8  mm, 
whereas  that  of  the  type  specimens  of  O.  pebb/e- 
springsensis  and  O.  sargenti  is  5.75  and  5.26  mm, 
respectively. 

The  holotype,  UMMP  V55958,  represents  the 
only  known  upper  cheek  teeth  of  O.  magnus  and 
displays  some  unique  features.  Loph  connection  on 
P4  is  lingual,  unlike  that  of  O.  sargenti,  and  does 
not  involve  a cuspule  on  the  metaloph  like  that  of 
O.  pebb/espringsensis.  The  hypostyle  is  strongly  in- 
flected anteriorly  to  form  a prominent  lingual  union, 
and  the  protoloph  has  a curved  anterior  profile  un- 
like that  on  specimens  of  O.  sargenti.  In  contrast  to 
the  condition  on  both  species  from  Oregon,  the  lophs 
on  the  M1  of  O.  magnus  tend  to  unite  medially. 
Lophs  on  M2-M3  connect  lingually  and  subsequent- 
ly unite  buccally  to  enclose  a medial  fossette.  The 
M3,  however,  is  distinctive  because  it  displays  a very 
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large  protocone  which  dominates  the  metaloph  and 
partially  fills  the  transverse  valley.  On  the  M3  of  O. 
pebblespringsensis  and  O.  sargenti,  the  protocone  is 
approximately  the  same  size  as  the  metacone. 
Therefore,  the  manner  of  loph  union  on  the  cheek 
teeth  and  the  large  protocone  on  M3  distinguish  O. 
magnus  from  the  species  from  Oregon. 

Until  the  discovery  of  SDSM  8749  (Fig.  14,  g), 
the  only  known  example  of  the  lower  dentition  was 
UMMP  V53563,  a dentary  with  cheek  teeth  so  worn 
that  only  lingual  indentations  remained  on  the  oc- 
clusal surface.  SDSM  8749  has  little-worn  teeth  that 
display  characteristics  similar  to  those  of  the  species 
from  Oregon,  such  as  a complex,  multicuspid  meta- 
lophid  and  a tricuspid  protolophid  on  P4.  However, 
the  anteroconid  of  O.  magnus  is  a small  crest  rather 
than  a distinct  cusp,  and  there  is  no  anterior  cleft 
because  the  bicuspid  anterior  cingulid  merges  with 
the  protoconid.  A double  connection  of  the  lophids 
exists  on  the  P4  of  O.  magnus  as  in  O.  sargenti. 
However,  the  hypostylid  is  smaller  and  there  is  no 
angulation  of  the  hypolophid  on  the  molars,  con- 
ditions more  similar  to  that  of  O.  pebblespringsensis. 
On  SDSM  8749,  the  lophids  of  M,-M2  connect  buc- 
cally  like  those  of  O.  pebblespringsensis,  but  those 
of  M3  have  a prominent  medial  connection.  A fea- 
ture that  might  indicate  the  greater  hypsodonty  of 


O.  magnus  compared  with  that  of  the  other  two 
species  is  the  deeper  valley  between  the  anterior 
cingulid  and  the  protoconid  of  M,  on  SDSM  8749. 
More  specimens  with  less  wear  must  be  obtained 
before  the  validity  of  this  feature  can  be  substanti- 
ated. However,  SDSM  8749  is  distinctive  in  the 
construction  of  the  metalophid  of  the  P4  and  differs 
from  O.  pebblespringsensis  in  the  manner  of  con- 
nection of  the  lophids  on  P4  and  M3  and  from  O. 
sargenti  in  the  morphology  of  the  molars  and  the 
small  hypostyle  on  P4. 

Discussion 

The  morphology  of  these  described  species  of  Or- 
egonomys  suggests  hypotheses  pertaining  to  their 
habits  and  phylogeny.  Wood  (1935)  described  a por- 
tion of  the  skull  and  post-cranial  skeleton  of  O. 
agrarius.  On  the  basis  of  the  small  size  of  the  oc- 
cipitals,  he  concluded  that  the  taxon  had  an  ex- 
panded auditory  region,  and  from  the  skeletal  ele- 
ments he  deduced  that  O.  agrarius  had  a richocetal 
or  semi-richocetal  locomotion  (p.  196).  The  mas- 
toids  of  O.  pebblespringsensis  are  definitely  inflated 
and  the  coronoid  process  of  the  dentary  is  deflected, 
perhaps  indicating  a species  with  similar  habits. 
Therefore,  two  of  the  known  species  appear  to  par- 
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allel  other  pocket  mice,  such  as  Dipodomys,  in  mor- 
phology and,  presumably,  in  habit.  The  cheek  teeth 
of  O.  sargenti  and  O.  magnus  are  similar  to  those 
of  species  of  Oregonomys  which  possess  modifica- 
tions for  saltation,  suggesting  closely  related  forms 
which  may  have  had  similar  locomotor  abilities. 
Comparison  of  the  faunas  in  which  these  species 
occur  with  Recent  faunas  reinforces  the  supposition 
that  Oregonomys  is  somewhat  saltatorial.  Geo- 
myoids  now  living  in  the  area  consist  of  a geomyine 
( Thomomys ),  a perognathine  (Perognathus),  and  Di- 
podomys. At  Ordnance,  Arlington,  and  McKay  Res- 
ervoir, a geomyine,  a perognathine,  and  Oregono- 
mys existed.  Oregonomys  appears  to  have  paralleled 
Dipodomys,  which  has  more  hypsodont  cheek  teeth 
and  occupied  a similar  environmental  position. 
Modem  species  of  Dipodomys  normally  occur  in 
semi-arid  to  arid  environments.  The  great  number 
of  specimens  of  Oregonomys  from  Ordnance  and 
Arlington,  where  castorids  are  rare,  compared  to  the 
few  known  representatives  from  McKay  Reservoir 
and  Hagerman,  where  castorids  are  abundant,  may 
indicate  a drier  environment  at  Ordnance  and  Ar- 
lington. Also,  most  of  the  known  specimens  of  O. 
sargenti  from  McKay  Reservoir  were  found  in  a 
coprolite,  and  so  they  might  not  have  been  locally 
derived.  In  conclusion,  Oregonomys  appears  to  have 
specializations  parallel  to  those  of  Dipodomys  and 
possibly  was  a member  of  a set  of  sympatric  geo- 
myoid  species  that  resembles  a set  occurring  today 
in  the  same  region  except  for  the  absence  in  the  fossil 
assemblage  of  a dipodomyine. 

Certain  dental  structures  suggest  the  phylogenetic 


relationships  of  the  group  (Fig.  16).  The  earliest 
known  species,  O.  agrarius,  from  Clarendonian  de- 
posits near  Ainsworth,  Nebraska,  has  a simply  con- 
structed P4  with  only  three  cusps  on  the  metalophid, 
and  lower  molars  in  which  the  lophs  connect  buc- 
cally.  Then  in  the  Hemphillian,  a trend  is  seen  in 
the  succession  from  O.  pebblespringsensis  to  O.  sar- 
genti toward  acquistion  of  a molariform  P4  and  me- 
dial union  of  the  lophids  of  the  cheek  teeth.  Unlike 
O.  agrarius,  O.  pebblespringsensis  has  two  or  three 
cuspules  on  the  anterior  edge  of  the  P4.  O.  sargenti 
seems  more  advanced  than  O.  pebblespringsensis 
because  it  has  a crest-shaped  cingulid  on  P4  similar 
to  that  of  the  molars,  a double  connection  of  lophids 
on  P4  like  the  Blancan  species,  a continuous  slope 
profile  on  the  protoloph  of  P4,  perhaps  indicating 
incipient  hypsodonty,  and  medial  connection  of  the 
lophids  on  the  lower  cheek  teeth.  The  Blancan 
species,  O.  magnus,  displays  a medial  union  of  lophs, 
even  on  M1.  However,  this  species  does  not  appear 
to  have  come  directly  from  O.  sargenti.  O.  magnus 
retains  some  features  found  only  in  O.  pebble- 
springsensis, such  as  lingual  connection  of  the  lophs 
of  P4,  an  abbreviated  anterior  profile  of  P4,  and  a 
nonmolariform  P4.  It  shares  with  O.  sargenti  fea- 
tures such  as  double  connection  of  the  lophids  on 
P4  and  the  greater  tendency  for  medial  union  of  the 
lophs  of  the  cheek  teeth.  Therefore,  until  more  spec- 
imens of  O.  magnus  can  be  obtained  to  define  the 
limits  of  variation,  it  appears  that  the  line  from 
which  O.  magnus  evolved  diverged  from  O.  peb- 
blespringsensis. 
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REVISION  OF  THE  FOSSIL  AND  RECENT  LEMMINAE 
(RODENTIA,  MAMMALIA) 

W.  v.  Koenigswald  and  Larry  D.  Martin 


ABSTRACT 


The  fossil  history  of  the  Lemminae  is  revised  and  three  genera 
are  recognized:  Lemmus  with  Myopus  as  a subgenus;  Synaptomys 
with  the  subgenus  Plioctomys ; and  Mictomys,  which  contains 
two  additional  subgenera,  Metaxyomys  and  Kentuckomys  (new). 


Dicrostonyx  and  Lagurus  are  excluded  from  the  Lemminae.  The 
Lemminae  are  thought  to  have  originated  in  Eurasia  and  the  bog 
lemmings  Synaptomyini  immigrated  to  North  America  in  the 
late  Pliocene  (Blancan). 


ZUSAMMENFASSUNG 


Die  Stammesgeschichte  der  Lemminae  wird  revidiert.  Dazu 
gehoren  drei  Gattungen,  jeweils  mit  mehreren  Untergattungen: 
Lemmus  mit  Lemmus  und  Myopus,  Synaptomys  mit  Synapto- 
mys und  Plioctomys,  Mictomys  mit  Mictomys,  Metaxyomys.  und 
mit  der  neuen  Untergattung  Kentuckomys.  Nicht  zu  den  Lem- 


minae gehoren  die  Gattungen  Dicrostonyx  und  Lagurus.  Es  wird 
angenommen,  dass  die  Lemminae  ihren  Ursprung  in  Eurasien 
haben,  von  wo  die  “bog  lemmings”  Synaptomyini  im  spaten 
Pliozan  (Blancan)  nach  Nordamerika  gelangt  sind. 


INTRODUCTION 


R.  W.  Wilson  (1933)  was  the  first  person  to  de- 
scribe a valid  taxon  of  extinct  lemming  when  he 
described  Synaptomys  vetus.  His  work  on  fossil  ar- 
vicolids  (Wilson,  1932,  1933,  1937)  laid  the  ground- 
work for  C.  W.  Hibbard  and  all  other  later  workers 
on  the  North  American  radiation  of  these  interesting 
and  important  animals.  It  is  especially  appropriate 
that  a volume  in  Professor  Wilson’s  honor  should 
include  a revision  of  the  fossil  and  recent  Lemmi- 
nae. 

Lemmings  form  a distinct  group  within  the  Ar- 
vicolidae,  and  they  were  among  the  first  arvicolids 
to  develop  rootless  molars  with  high  dentine  tracts. 
However,  the  common  term  “lemming”  includes 
several  independent  groups  of  arctic  to  cool-tem- 
perate small  rodents.  The  central  genus  is  Lemmus 
and  we  regard  it  and  its  close  relatives  as  constituting 
the  subfamily  Lemminae  (Gray,  1825).  This 
subfamily  contains  three  genera:  Lemmus , Synap- 
tomys and  Mictomys,  all  of  which  contain  two  or 
more  subgenera.  The  genera  are  still  extant  but  sev- 
eral of  the  subgenera  are  extinct. 

The  stratigraphic  sequence  of  fossil  lemmings  in 
this  paper  is  tied  into  a system  (Fig.  1)  of  North 
American  Arvicolid  Zones  (NAAZ)  proposed  by 
Martin  (1979).  The  earliest  Lemminae  are  described 
from  the  Villafranchian  of  Russia  as  Synaptomys 
{Plioctomys)  (Suchov,  1966).  In  North  America  the 
Lemminae  appear  in  the  upper  part  of  NAAZ  II 


(late  Rexroadian)  or  in  NAAZ  III  (Senecan,  see 
Schultz  et  al.,  1978). 

We  do  not  regard  the  gray  lemmings  (Lagurinae) 
of  Eurasia  and  North  America  as  true  lemmings,  as 
they  lack  the  lemming  enamel  structure  (Koenigs- 
wald, 1980).  The  Dicrostonychinae  (Chaline,  1972) 
have  short  lower  incisors  and  an  arctic  distribution 
as  do  the  Lemminae,  but  they  differ  from  the 
subfamily  in  molar  enamel  structure  (Koenigswald, 
1980)  and  in  caecum  and  karyotype  (Rausch,  1978). 
Well  defined  members  of  the  Lemminae  are  present 
in  Blancan  and  Villafranchian  faunas  in  North 
America  and  Europe,  and  any  postulated  relation- 
ship with  collared  lemmings  must  predate  that  time 
and  would  therefore  date  from  a very  basal  portion 
of  the  arvicolid  radiation.  Besides  these  other  ar- 
guments the  Dicrostonychinae  show  evolutionary 
trends,  including  a progressive  increase  in  alternat- 
ing triangles  (Guthrie  and  Matthews,  1971;  Agad- 
janian  and  Koenigswald,  1 977),  which  contrast  with 
the  condition  in  the  Lemminae.  The  only  character 
which  might  unite  the  two  subfamilies  is  the  short 
lower  incisors,  a condition  which  has  been  regarded 
as  resulting  from  convergence  (Kowalski,  1977). 

The  subfamily  Lemminae  may  be  characterized 
by  a simple  dental  pattern  of  three  alternating  tri- 
angles on  M,  coupled  with  evergrowing  molars,  ce- 
mentum,  and  high  dentine  tracts.  The  upper  incisors 
bear  a shallow  lateral  groove  (found  in  some  mdi- 
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Fig.  1.- Relationships  (modified  from  Martin,  1979)  of  selected  faunas  to  the  North  American  Arvicolid  Zones  (NAAZ)  and  the 
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Fig.  2.  — Scanning  electron  microscope  (SEM)  photographs  of  cross-sections  of  the  enamel  structure  (Schmelzmuster)  of  lemming  molars 
taken  parallel  to  the  chewing  surface.  A.  Mictomys  ( Metaxyomys ) vetus  showing  the  leading  edge  (top  of  the  photograph)  and  trailing 
edge  with  reduced  enamel  thickness  at  the  apex  of  the  syncline  (bottom  of  the  photograph).  B-D.  Lemmus  sibiricus,  B.  Leading  edge, 
C-D.  Trailing  edges  showing  three  layer  structure.  E.  Mictomys  ( Metaxyomys ) vetus  leading  edge  showing  the  fractures  in  the  radial 
enamel  caused  by  grinding  stopping  at  the  junction  with  the  lamellar  enamel,  a.  radial  enamel,  b.  lamellar  enamel,  c.  lemming  enamel, 
d.  tangential  enamel,  e.  dentine.  Bar  = .2  mm  in  A and  .1  in  B-E. 
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viduals  of  all  forms,  contra  Howell  [1927]  who  re- 
stricted this  character  to  Svnaptomys).  The  trailing 
edges  (see  below)  of  the  triangles  on  the  molars  con- 
tain a special  enamel  structure  described  by  Koe- 
nigswald  (1980)  as  “less  symmetrical  lamellar 
enamel,”  but  here  called  lemming  enamel. 

General  trends  within  the  phylogeny  of  the  Lem- 
minae  include  the  following: 

1.  The  longitudinal  tooth  axis  shifts  towards  the 
labial  side  in  the  lower  molars  and  towards  the  lin- 
gual side  in  the  upper  molars.  This  shift  does  not 
extend  as  far  in  any  upper  molars  as  it  does  in  the 
lower  molars  of  some  subgenera. 


2.  The  lower  incisors  become  shorter  in  some 
lineages. 

3.  The  enamel  on  the  trailing  edges  of  the  alter- 
nating triangles  and  the  posterior  loop  becomes 
thinner  by  reduction  of  the  outer  layer,  and,  in  pro- 
gressive forms,  the  second  enamel  layer  also.  This 
thinning  begins  in  the  apex  of  the  synclines  (Fig.  2, 
A). 

The  polarity  of  these  trends  is  supported  by  out- 
group comparisons  with  other  arvicolids  and  cri- 
cetids,  functional  trends,  and  the  stratigraphic  dis- 
tribution of  the  characters  involved.  We  would  not 
expect  reversals  within  these  trends,  but  parallel 
evolution  is  not  unlikely. 


MATERIALS  AND  METHODS 


We  have  been  able  to  study  the  type  or  topotypical  material 
of  the  following  fossil  taxa:  Svnaptomys  europaeus,  S.  rinkeri,  S. 
bunkeri,  Mictomys  vetus,  M.  kansasensis,  and  M.  meltoni.  We 
have  studied  referred  material  of  M.  cf.  vetus  from  the  Seneca 
Local  Fauna,  M.  kansasensis  from  the  McCook,  Wathena,  and 
Sappa  Local  Faunas,  and  Synpatomys  cooperi  from  the  Trout 
Cave  Local  Fauna.  We  have  also  studied  Subrecent  or  Recent 
material  of  Lemmus  sibiricus  from  Banks  Island,  Canada;  My- 
opus  schisticolor  from  Sweden;  Svnaptomys  cooperi  from  Kansas; 
and  Mictomys  borealis  from  the  Gaspe  Peninsula,  Canada,  and 
Alaska. 

Molars  of  lemmings  selected  for  enamel  investigation  were 
imbedded  in  an  artificial  resin  and  ground  down  parallel  to  the 
chewing  surface  until  the  enamel  band  was  visible  for  its  whole 
length.  The  polished  surfaces  were  then  etched  for  2-3  seconds 
in  2 N hydrochloric  acid.  After  sputtercoating  the  enamel  struc- 
ture was  examined  with  the  aid  of  a scanning  electron  microscope 
at  magnifications  of  from  600-1,250  x. 

Koenigswald  (1977,  1980)  has  shown  that  the  enamel  in  ar- 
vicolid  molars  is  composed  of  different  types,  which  are  defined 
by  the  orientation  of  the  enamel  prisms.  The  three  basic  types 
are: 

1.  Radial  Enamel.  This  enamel  type  is  regarded  as  primitive 
for  the  group.  Prisms  rise  against  the  outer  surface  of  the  enamel 
while  interprismatic  substance  (oriented  radially)  crosses  the 
prisms  at  about  a right  angle.  In  the  drawings,  areas  with  this 
enamel  are  left  white  (Fig.  2,  B). 

2.  Tangential  Enamel.  The  relation  of  prisms  and  interpris- 
matic substance  is  the  same  as  in  radial  enamel,  but  the  prisms 
lie  more  or  less  parallel  to  the  chewing  surface,  as  does  the  in- 
terprismatic substance.  The  prisms  point  laterally.  Tangential 
enamel  is  derived  from  radial  enamel  by  turning  the  whole  enam- 
el structure  by  about  90°.  Primitive  tangential  enamel  is  defined 
as  the  intermediate  condition  where  the  prisms  are  bent  at  an 
angle  of  about  45°  (Fig.  2,  C). 

3.  Lamellar  Enamel.  In  this  type,  single  layers  of  prisms  form 
lamellae  nearly  parallel  to  the  chewing  surface.  Within  a lamella 
all  prisms  are  parallel,  but  they  form  an  angle  of  about  90°  with 
the  prisms  of  the  underlying  and  overlying  lamellae.  The  inter- 
prismatic substance  strengthens  the  enamel  in  the  third  dimen- 
sion. In  earlier  stages  of  evolution  lamellae  penetrate  the  chewing 


surface  at  steeper  angles  and  are  more  difficult  to  identify  (Fig. 
2,  B). 

A fourth  type  of  enamel  derived  from  radial  enamel  may  be 
distinguished  in  the  Lemminae  and  we  therefore  call  it  “lemming 
enamel.”  In  this  type  the  lamellae  “move”  up  and  down  in  the 
section  and  are  not  parallel  to  the  chewing  surface.  Their  lateral 
extension  is  much  shorter  than  in  typical  lamellar  enamel,  al- 
though lemming  enamel  usually  continues  laterally  into  typical 
lamellar  enamel  (Fig.  2,  B). 

The  arrangement  of  these  different  enamel  types  within  any 
given  chewing  surface  is  called  its  “Schmelzmuster”  (Koenigs- 
wald, 1980).  It  is  to  be  distinguished  from  the  term  “enamel 
pattern”  which  is  used  for  the  arrangement  of  the  dentine  tri- 
angles. The  Schmelzmuster  is  repeated  from  one  dentine  triangle 
to  the  next,  but  the  anterior  and  posterior  sides  of  the  triangles 
show  different  arrangements  of  enamel  types  (Fig.  2,  A).  As  a 
result  of  the  propalinal  movement  of  the  jaw  during  mastication 
the  anterior  cutting  edges  of  the  lower  triangles  and  the  posterior 
cutting  edges  of  the  upper  triangles  occlude  first  and  are  thus 
referred  to  here  as  “leading  edges.”  The  posterior  cutting  edges 
of  the  triangles  of  the  lower  molars  and  the  anterior  edges  of  the 
upper  molars  are  called  “trailing  edges.”  These  terms  were  in- 
troduced by  Greaves  (1973)  and  are  very  useful  in  understanding 
the  functional  morphology  of  teeth.  All  leading  edges  in  both 
upper  and  lower  molars  share  the  same  Schmelzmuster,  while 
all  trailing  edges  share  a different  one.  In  the  special  case  of  a 
severe  shift  in  the  longitudinal  tooth  axis,  such  as  occurs  in  some 
lemmings,  the  reduced  triangles  may  differ  somewhat  from  the 
enlarged  ones.  There  is  some  variation  along  the  enamel  band 
in  any  tooth  and  in  most  of  the  taxa  described  in  this  paper  the 
description  of  a typical  leading  edge  and  trailing  edge  is  based 
on  the  examination  of  several  molars  whose  entire  enamel  surface 
was  scanned.  All  photos  and  drawings  are  oriented  so  that  the 
directions  of  chewing  forces  during  mastication  meet  the  enamel 
band  from  the  top  of  the  figure.  Thus  upper  molars  are  figured 
upside  down  from  conventional  orientations. 

The  functional  significance  of  the  different  arrangements  of 
apatite  prisms  in  the  enamel  of  arvicolid  molars  seems  to  be 
related  to  the  direction  of  chewing  forces  (Koenigswald.  1980). 
The  primitive  arrangement  for  arvicolids  (the  only  type  found 
in  most  of  the  early  members  of  the  arvicolid  radiation  and  in 
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some  cricetids)  is  radial  enamel.  This  arrangement  when  stressed 
by  the  directional  forces  of  chewing  permits  fractures  readily  to 
transect  the  entire  thickness  of  the  enamel.  Arvicolids  with  only 
radial  enamel  usually  compensate  for  this  by  having  very  thick 
enamel.  Lamellar  or  tangential  enamel  inhibit  fractures  from 
passing  through  the  enamel  (see  Fig.  2,  E)  and  thereby  preserve 
the  enamel  edges,  extending  the  lifespan  of  the  tooth. 

Another  trend  whose  functional  significance  has  been  discussed 
by  Koenigswald  ( 1 980)  is  the  thinning  of  the  enamel  bands.  This 

SYSTEMATIC 

Order  Rodentia 
Family  Arvicolidae 
Subfamily  Lemminae 
Tribe  Lemmini 

Genus  Lemnius  Link,  1795 

Diagnostic  dental  characters.  — Lingual  and  labial 
triangles  in  M,  of  about  equal  size  so  that  there  is 
no  shift  of  the  longitudinal  tooth  axis;  anterior  loop 
of  M,  pointed;  first  lingual  and  second  labial  reen- 
trants (terminology  as  in  Koenigswald,  1980,  fig.  1) 
opposite  each  other  on  M3  (Fig.  7);  trailing  edges  of 
the  enamel  bands  on  the  molars  consisting  of  three 
layers. 

Subgenus  Lemmus 

Material  examined for  Schmelzmuster.  — Lemmus  sibiricus,  M, , 
Recent,  from  Banks  Island,  NWT,  Canada;  Lemmus  lemmus, 
several  M,’s  from  the  Upper  Pleistocene  of  Germany. 

Comments.  — The  species  of  Lemmus  differ  main- 
ly in  pelage  and  not  in  dental  characters.  According 
to  the  latest  review  of  European  lemmings  (Kowal- 
ski, 1977)  the  genus  Lemmus  has  occurred  there 
since  the  late  Middle  Villafranchian  (Tegelian).  This 
material  is  regarded  as  belonging  to  Lemmus  lem- 
mus. Several  localities  in  Germany,  France,  Hun- 
gary, Poland  and  Roumania  have  produced  fossil 
Lemmus  throughout  the  Pleistocene  (Terzea,  1972). 

In  the  Lower  and  Middle  Pleistocene,  references  for 
Lemmus  may  also  include  Myopus.  In  the  Upper 
Pleistocene,  Lemmus  in  Central  Europe  is  taken  to 
be  characteristic  of  glacial  periods.  In  the  Middle 
Pleistocene  (NAAZ  V)  Cape  Deceit  Fauna  of  Alaska 
(Guthrie  and  Matthews,  1 97 1 ) we  find  Lemmus  sib- 
iricus. This  is  the  earliest  record  of  Lemmus  in  North 
America.  The  Schmelzmuster  of  Lemmus  is  differ- 
entiated into  leading  and  trailing  edges.  The  leading 
edge  is  built  from  an  inner  layer  of  lamellar  enamel 
and  an  outer  one  of  radial  enamel  (Fig.  2,  B).  The 
trailing  edge  consists  of  three  layers  (Fig.  2,  C,  D; 

Fig.  4,  A):  an  inner  one  of  radial  enamel  which 


is  permitted  in  part  by  the  greater  structural  strength  of  the  de- 
rived Schmelzmusters.  However,  it  appears  to  be  advantageous 
to  retain  some  radial  enamel  in  the  Schmelzmuster.  The  radial 
enamel  is  more  resistant  to  abrasion  than  the  lamellar  enamel 
is,  but  it  is  more  vulnerable  to  cracks.  The  lamellar  enamel  is 
more  elastic,  and  the  cutting  edge  is  maintained  by  radial  enamel 
underlain  by  a cushion  of  lamellar  enamel  (Koenigswald,  1980: 
86). 


ACCOUNTS 

rotates  into  a band  of  lemming  enamel,  the  lemming 
enamel  is  then  overlain  by  a shield  layer  containing 
radial  (Fig.  2,  D)  or  in  some  parts  tangential  enamel 
(Fig.  2,  C).  Lemmus  is  the  least  derived  lemming 
dentally  but  its  Schmelzmuster  is  fully  developed 
and  the  history  of  its  origin  cannot  now  be  traced 
in  the  fossil  record. 

Subgenus  Myopus  Miller,  1910 

Material  examined  for  Schmelzmuster.  — M , and  M2  of  My- 
opus schisticolor  from  Sweden. 

Diagnostic  dental  characters.  — None  except  size. 
The  description  of  Lemmus  lemmus  also  applies 
here. 

Comments.— Myopus  differs  from  Lemmus  in 
characters  of  the  manus  (Miller,  1912:610)  but  these 
characters  cannot  be  verified  in  the  known  fossil 
material  and  no  differences  were  noted  between  the 
Schmelzmuster  of  Lemmus  and  Myopus. 

In  the  Middle  Pleistocene  of  Europe  (Arvicola- 
Zone  1 of  Koenigswald,  1973)  a small  member  of 
the  Lemminae  occurs  with  Lemmus.  Kowalski 
(1977:306)  has  shown  that  the  length  of  M,  in  Lem- 
mus stays  constant  over  a very  great  length  of  time, 
and  the  smaller  lemming  may  be  assumed  to  rep- 
resent an  early  Myopus  schisticolor.  Kowalski  (1 977: 
302)  regarded  these  smaller  teeth  as  those  of  younger 
animals,  but  his  interpretation  is  unlikely  since  the 
mean  of  the  length  of  all  M,’s  in  localities  like  Tarko 
or  Petersbuch  is  distinctly  smaller  than  in  Lemmus 
{Lemmus). 

Tribe  Synaptomyini 

Diagnostic  dental  characters.  — Lemmings  with  the 
first  lingual  and  second  labial  reentrant  angles  al- 
ternating on  M3,  and  the  longitudinal  tooth  axis 
shifted  on  the  molars. 

Genus  Synaptomys 

Diagnostic  dental  characters.  —Lemmings  with  the 
first  and  second  alternating  triangles  on  the  lower 
molars  not  broadly  confluent. 
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Fig.  3.— SEM  photographs  of  cross-sections  of  Synaptomys  molar  enamel  taken  parallel  to  the  chewing  surface.  A-C,  trailing  edges 
showing  the  typical  three-layered  Schmelzmuster,  A.  S.  ( Plioctomys ) rinkeri,  B.  S.  ( Plioctomys ) europaeus,  C.  S.  (Synaptomys)  cooperi, 
D.  .S'.  ( Synaptomys ) cooperi  with  leading  edge  at  top  of  photograph  and  trailing  edge  at  the  bottom,  notice  the  extreme  thinning  to 
radial  enamel  near  the  apex  of  the  syndine.  E.  Typical  trailing  edge  enamel  S.  ( Synaptomys ) cooperi  showing  an  inner  layer  of  radial 
enamel  and  an  outer  layer  of  lemming  enamel.  Bar  = .1  mm  in  A,  B.  C,  and  E.  Bar  = .5  mm  in  D. 


Subgenus  Synaptomys  Baird,  1857 

Diagnostic  dental  characters.  — Lemmings  with  the 
longitudinal  axis  of  the  molars  shifted  more  than  in 
Plioctomys  and  the  enamel  of  the  trailing  edges  of 
the  alternating  triangles  and  the  posterior  loop  re- 
duced to  two  layers. 

Synaptomys  (, Synaptomys ) cooperi  Baird,  1857 

Material  examined  for  Schmelzmuster.  — Right  M,  and  left  M, 
from  Trout  Cave  in  West  Virginia  (NAAZ  V)  and  a Recent  right 
M,  from  Atchinson  County,  Kansas. 

Description  of  the  Schmelzmuster. —The  enamel 
of  the  trailing  edges  in  the  molars  of  S.  cooperi  is 


characterized  by  Schmelzmuster  (Fig.  4,  D)  reduc- 
tion, leaving  an  outer  layer  of  lemming  enamel  (about 
50%  of  the  thickness)  and  an  inner  layer  of  radial 
enamel  (Fig.  3,  E).  As  the  enamel  shrinks  to  about 
5 m in  thickness  towards  the  inner  corner  of  the 
syncline  (Fig.  3,  D),  the  lemming  enamel  disappears 
leaving  only  the  inner  radial  enamel.  On  the  other 
hand,  the  outer  edge  of  the  syncline  (on  the  trailing 
edge)  near  the  dentine  tract  is  thick  (about  50  n)  and 
composed  of  three  layers  as  in  Lemmus  (Fig.  3,  C). 
In  the  material  from  Trout  Cave  (NAAZ  V)  the 
amount  of  extremely  thinned  enamel  seems  to  be 
less  than  in  the  Recent  material. 
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Fig.  4.  — Schematic  drawings  of  Schmelzmusters.  A.  Lemmus  sibiricus.  left  M„  from  Banks  Island,  Canadian  Arctic  (a  = location  of 
Fig.  2,  D).  B.  5.  ( Plioctomys ) europaeus,  left  M2  from  Rebielice,  Poland  (b  = location  of  Fig.  3,  B).  C.  S.  ( P .)  rinkeri,  left  M\  UMMP 
32070,  paratype,  (c  = location  of  Fig.  3,  A).  D.  S.  ( Synaptomys ) cooperi,  left  M,  from  Kansas  (d  = location  of  Fig.  3,  E;  e = location 
of  Fig.  3,  D). 
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Discussion.— The  earliest  record  of  Synaptomys 
(Synaptomys)  appears  to  be  material  of  S.  cooperi 
from  Trout  Cave.  On  the  basis  of  other  arvicolids 
this  locality  should  fall  (at  least  in  its  lower  part) 
into  NAAZ  V making  it  roughly  contemporaneous 
with  the  Cudahy  faunas  in  western  Kansas.  Exam- 
ination of  enamel  from  the  Trout  Cave  Synaptomys 
reveals  that  it  already  has  the  reduction  of  the  trail- 
ing edge  to  two  layers  found  in  S.  cooperi.  The  next 
oldest  cooperi  we  have  is  from  the  Angus  Local 
Fauna  in  southcentral  Nebraska  (NAAZ  VI)  where 
we  have  a population  of  small  individuals.  Two 
extinct  species,  S.  australis  and  S.  bunkeri,  have 
been  described  for  the  relatively  large  forms  found 
in  southern  localities  (Florida  and  Meade  County, 
Kansas).  Those  forms  are  mostly  from  NAAZ  VII 
(Rancholabrean),  and  we  have  not  attempted  to  re- 
view their  specific  status,  although  there  seems  to 
be  little  chance  that  S.  bunkeri  is  valid. 

Subgenus  Plioctomys  Suchov,  1976 

Diagnostic  dental  characters.  — Lemmings  with  the 
typical  three-layered  enamel  on  the  trailing  edges  of 
the  triangles  as  is  found  in  Lemmus,  but  differing 
from  that  genus  in  having  the  longitudinal  tooth  axis 
slightly  shifted  labially  on  the  lower  molars  and  lin- 
gually  on  the  upper  molars;  posterior  loop  of  M3 
small  and  rounded. 

Synaptomys  ( Plioctomys ) europaeus  Kowalski  1972 

Materia l examined  for  Schmelzmuster.  — M 2 from  Rebielice 
Krolewskie  II,  Poland. 

Description  of  the  Schme/zmuster.  — The  leading 
edges  of  the  triangles  are  like  those  in  Lemmus  and 
the  trailing  edges  have  three  layers  as  in  that  genus 
(Fig.  3,  B;  Fig.  4,  B).  The  lemming  enamel  lies  be- 
tween inner  and  outer  layers  of  radial  enamel  and 
the  prisms  in  the  outer  layer  tend  to  incline  forming 
tangential  enamel.  There  are  fewer  lamellae  per  unit 
area  in  the  lemming  enamel  of  this  form  than  there 
are  in  the  lemming  enamel  of  Lemmus. 

Discussion.—  O.  Fejfar  drew  our  attention  to  Syn- 
aptomys ( Plioctomys ) mimomiformis  which  was  de- 
scribed in  Suchov  (1976)  from  the  Csarnotanum  of 
Russia.  This  is  the  oldest  known  lemming  and  judg- 
ing from  the  figures  (Suchov,  1976,  fig.  1)  it  is  very 
similar  to  the  next  oldest  lemming,  Synaptomys 
( Praesynaptomys ) europaeus.  We  regard  Praesynap- 
tomys  as  a junior  synonym  of  Plioctomys,  but  we 
do  not  believe  that  they  should  be  considered  con- 
specific  without  more  direct  comparisons  than  we 
are  able  to  make. 


Synaptomys  ( Plioctomys ) rinkeri  Hibbard,  1956 

Material  examined  for  Schmelzmuster.  — Left  M‘,  UMMP 
32070,  paratype. 

Description  of  the  Schmelzmuster.  — The.  leading 
edges  of  the  triangles  have  enamel  about  76  g thick, 
and  more  than  50%  of  this  thickness  is  in  the  la- 
mellar enamel  which  forms  the  inner  layer.  The  out- 
er layer  is  radial  enamel.  The  trailing  edges  of  the 
triangles  consist  of  three  layers  (Fig.  3,  A;  Fig.  4,  C): 
an  inner  radial  enamel  which  composes  about  20% 
of  the  thickness,  a middle  layer  of  lemming  enamel 
which  makes  up  about  50%  and  an  outer  layer  of 
radial  to  tangential  enamel  which  makes  up  about 
30%  of  the  thickness.  The  trailing  edges  appear  to 
be  nearly  as  thick  as  the  leading  edges  on  the  tri- 
angles (around  70  g).  The  closing  enamel  of  the 
posterior  loop  shows  the  same  structure  as  the  trail- 
ing edges  of  the  triangles  but  it  is  about  80  g thick. 

Discussion.—  This  is  probably  the  oldest  lemming 
in  North  America.  The  muskrat  from  this  locality 
was  referred  to  as  Pliopotamys  meadensis  by  Hib- 
bard (1956)  suggesting  an  age  of  NAAZ  II,  but  Esh- 
elman  (1975)  reports  cement  in  the  reentrant  angles 
of  these  muskrat  molars,  which  suggests  Ondatra 
rather  than  Pliopotamys.  On  this  basis  Martin  (1979) 
placed  the  Dixon  Local  Fauna  in  NAAZ  III.  It  may, 
however,  be  somewhat  older  than  the  Grandview 
or  Seneca  Local  Faunas  which  contain  the  earliest 
records  of  Metaxyomys.  Synaptomys  cf.  rinkeri  is 
reported  by  Eshelman  (1975)  from  the  White  Rock 
Local  Fauna.  Although  we  have  not  examined  this 
material,  we  would  tentatively  assign  it  to  Pliocto- 
mys on  the  basis  of  Eshelman’s  species  identifica- 
tion. In  this  case,  Plioctomys  is  clearly  associated 
with  arvicolines  ( Ondatra  idahoensis\  Pliophena- 
comys  osborni)  characteristic  of  NAAZ  III.  The  Dix- 
on Local  Fauna  is  at  the  very  base  of  this  zone  and 
enough  time  may  exist  for  a separation  of  Synap- 
tomys and  Metaxyomys  lines  within  that  zone.  Al- 
ternatively, Plioctomys  might  have  arrived  in  North 
America  in  the  top  of  NAAZ  II  thus  providing  an 
almost  simultaneous  appearance  in  North  America 
and  Europe. 

In  Synaptomys  ( Plioctomys ) the  anterior  loop  on 
M,  tends  to  be  more  elongate  (Lemmus- like)  than 
in  S.  ( Synaptomys ) and  all  three  enamel  layers  are 
present  on  the  trailing  edges  of  the  alternating  tri- 
angles [enamel  reduced  in  S.  (Synaptomys)].  Syn- 
aptomys (Plioctomys)  rinkeri  differs  from  S.  (P.)  eu- 
ropaeus in  having  more  reduction  of  the  labial 
triangles  in  relationship  to  the  lingual  ones  in  the 
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lower  molars.  S’.  (P.)  europaeus  differs  little  from 
Lemmus  in  this  respect. 

Synaptomys  ( Plioctomys ) rinkeri  must  stand  close 
to  the  common  stem  from  which  all  other  North 
American  bog  lemmings  were  derived.  It  is  in  all 
known  respects  more  primitive  than  other  North 
American  Lemminae. 

Genus  Mictomys  True,  1894 

Diagnostic  dental  characters.  — Lower  molars  with 
first  and  second  alternating  triangles  broadly  con- 
fluent, because  of  flattening  of  the  first  external  reen- 
trant fold. 

Subgenus  Mictomys  True,  1894 

Diagnostic  dental  characters.  — Lemmings  with  the 
tooth  axis  of  the  lower  molars  shifted  to  the  labial 
side  and  the  trailing  edges  of  the  molars  reduced  to 
a Schmelzmuster  of  two  layers;  lower  incisors  ter- 
minating posteriorly  anterior  to  M3. 

Mictomys  ( Mictomys ) borealis 

Diagnostic  dental  characters.  — Enamel  of  the 
trailing  edges  of  the  molars  reduced  to  radial  and 
lemming  enamel  layers;  incisor  terminating  near  the 
anterior  edge  of  M3;  no  labial  cement  on  the  lower 
molars. 

Material  examined  for  Schmelzmuster.  — Left  M from  Fair- 
banks, Alaska. 

Description  of  the  Schmelzmuster.— The  leading 
edges  of  the  lower  molars  of  Mictomys  borealis  are 
about  50  p thick,  and  about  half  this  thickness  is 
lamellar  enamel  on  the  inner  side  of  the  enamel 
band.  The  trailing  edge  is  thinner  (around  40  f)  and 
is  continuously  two  layered  with  an  inner  layer  of 
radial  enamel  and  an  outer  layer  of  lemming  enamel. 
The  closing  enamel  in  the  posterior  loop  shows  the 
same  arrangement.  The  shallow  reentrant  folds  on 
the  labial  side  do  not  have  the  Schmelzmuster  dif- 
ferentiated between  the  trailing  and  leading  edges 
except  in  the  first  triangle.  The  second  and  third 
triangles  show  a continuous  layer  of  lamellar  enamel 
in  the  inner  half  of  the  enamel  band  and  radial  enamel 
on  the  outer. 


Mictomys  ( Mictomys ) meltoni  Paulson,  1961 

Diagnostic  dental  characters.  — Enamel  somewhat 
more  differentiated  than  in  M.  borealis ; teeth  larger 
than  in  that  species;  first  triangle  on  the  lower  molars 
with  a convex  border  (Paulson,  1961). 

Material  examined  for  Schmelzmuster.  — Right  M„  left  M3, 
and  a left  M2  from  the  type  locality  (KUVP  Coll.  Loc.  Meade 
Co.  10,  NAAZ  V). 

Description  of  the  Schmelzmuster.  — The  four  ma- 
jor lingual  triangles  of  the  lower  molars  have  leading 
edges  about  60  n thick  and  they  are  composed  of 
two  layers  of  about  equal  thickness.  The  inner  layer 
is  lamellar  enamel  and  the  outer  layer,  which  may 
be  somewhat  thinner,  is  radial  enamel.  The  trailing 
edge  is  thinned  to  about  35  u but  also  consists  of 
two  layers,  an  inner  layer  of  radial  enamel  and  an 
outer  layer  of  lemming  enamel. 

On  the  labial  side  of  the  lower  molars  the  triangles 
are  strongly  reduced  with  only  shallow  synclines  left 
between  them.  The  first  and  second  synclines  have 
differentiated  enamel  according  to  trailing  and  lead- 
ing edges  as  on  the  lingual  side,  but  the  third  syncline 
has  lamellar  enamel  inside  of  radial  enamel  on  both 
trailing  and  leading  edges. 

Discussion.  — Paulson  (1961)  and  Semken  (1966) 
have  argued  that  M.  meltoni  cannot  be  ancestral  to 
M.  borealis  because  it  has  less  enamel  reduction, 
equal  enamel  thickness  on  the  trailing  and  leading 
edges  of  the  triangles,  and  a cement  filled  first  labial 
reentrant  angle  on  M3.  The  reduction  of  enamel  and 
the  presence  or  absence  of  cement  is  somewhat  vari- 
able in  the  teeth  we  examined.  The  observation  that 
the  enamel  is  of  equal  thickness  on  front  and  back 
edges  of  triangles  in  M.  borealis  seems  to  be  a per- 
sistent error,  because  the  specimens  we  examined 
showed  some  reduction  in  the  thickness  of  trailing 
edges  and  the  enamel  itself  is  reduced  to  two  layers. 
M.  ( Mictomys ) meltoni  occurs  in  faunas  belonging 
to  NAAZ  V in  Meade  County,  Kansas.  The  type 
material  is  from  University  of  Kansas  Vertebrate 
Paleontology  collecting  locality  (KUVP)  Meade 
County  10,  and  is  from  the  Atwater  Member  of  the 
Crooked  Creek  Formation. 


Fig.  5.  — SEM  photographs  of  cross-sections  of  Mictomys  molar  enamel  taken  parallel  to  the  chewing  surface.  A-B.  At.  ( Metaxyomys ) 
showing  typical  three-layered  trailing  edges.  A.  M.  ( Metaxyomys ) vetus.  B.  M.  Metaxyomys  landesi.  C-E.  At.  (Kentuckomys)  kansasensis. 
C.  Typical  trailing  edge  showing  reduction  to  radial  enamel.  D.  Apex  of  an  anticline  showing  leading  edge  (top)  and  a trailing  edge  with 
a cushion  of  three-layered  enamel  blending  into  a single  layer  of  radial  enamel.  E.  Closing  enamel  of  M1  showing  lemming  enamel  and 
radial  enamel.  F.  Stereophotograph  of  two-layered  trailing  edge  enamel  in  At.  (Mictomys)  borealis  from  the  Gaspe  Peninsula.  Bar  = .1 
mm  in  A,  B,  C,  E,  F,  and  G.  Bar  = .5  mm  in  D. 
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Subgenus  Metaxyomys  Zakrzewski,  1972 

Diagnostic  dental  characters.  — Trailing  edges  of 
the  alternating  triangles  with  the  primitive  three- 
layered Schmelzmuster;  the  tooth  axis  not  shifted 
as  much  as  in  Mictomys  ( Mictomys)-,  capsular  pro- 
cess for  the  lower  incisor  more  anterior  than  in  Syn- 
aptomys. 

Mictomys  ( Metaxyomys ) vetus  (Wilson,  1933) 

Material  examined.  — Topotypical  jaws  and  teeth  were  exam- 
ined but  no  enamel  sections  were  made.  The  description  of  the 
Schmelzmuster  is  based  on  tentatively  referred  material  from  the 
Seneca  Local  Fauna  (NAAZ  III)  of  Nebraska.  This  material  is 
smaller  and  may  represent  another  species. 

Material  examined  for  Schmelzmuster.— An  M2,  UNSM  47703, 
from  the  Seneca  Local  Fauna,  Hooker  County,  Nebraska. 

Description  of  diagnostic  dental  characters.—  The 
general  features  of  M.  vetus  may  be  found  in  Za- 
krzewski (1972).  The  Schmelzmuster  of  Metaxy- 
omys vetus  shows  a leading  edge  similar  to  that  in 
other  Lemminae.  More  than  50%  of  the  total  thick- 
ness (80  m)  is  lamellar  enamel.  The  trailing  edges 
have  two  thick  layers,  an  inner  one  of  radial  enamel 
and  an  outer  one  of  lemming  enamel  of  about  equal 
thickness.  These  layers  are  widely  but  not  every- 
where overlain  by  a third  thin  layer  of  tangential 
enamel  (Fig.  5,  A).  The  trailing  edges  have  a normal 
thickness  of  about  80  to  90  n but  thin  down  near 
the  innermost  parts  of  the  synclines  to  30  m- 

Discussion.  — In  Metaxyomys  the  trailing  edges  of 
the  enamel  triangles  retain  the  three  layered 
Schmelzmuster  of  Plioctomys.  There  is  also  no  sig- 
nificant reduction  of  enamel  thickness  except  near 
the  deepest  parts  of  the  synclines.  Some  reduction 
of  enamel  thickness  in  this  area  is  the  rule  among 
arvicolids  with  a developed  Schmelzmuster.  The 
referred  material  from  the  Seneca  Local  Fauna  is 
smaller  than  the  type  material  from  the  Grandview 
Local  Fauna,  in  the  upper  part  of  the  Glenns  Ferry 
Formation,  Owyhee  County,  Idaho,  and  might  rep- 
resent a new  species.  The  differences  among  the  oth- 
er described  species  are  not  very  large  (Zakrzewski, 
1972,  fig.  1)  and  further  work  needs  to  be  done  at 
the  species  level  in  Metaxyomys. 

Mictomys  ( Metaxyomys ) landesi  Hibbard,  1954 

Diagnostic  dental  characters.  — These  are  sum- 
marized by  Zakrzewski  (1972). 

Material  examined  for  Schmelzmuster.  — Right  M2  from  the 
Borchers  Local  Fauna  (NAAZ  IV),  Meade  County,  Kansas. 

Description  of  the  Schmelzmuster.  — The  Schmelz- 
muster (Fig.  5,  B)  shows  a leading  edge  of  about  70 


M of  which  a little  more  than  50%  is  lamellar  enamel 
on  the  inner  side.  The  outer  layer  is  radial  enamel. 
The  trailing  edges  are  three-layered  with  an  inner 
radial  enamel  overlain  by  lemming  enamel  which 
makes  up  about  one-third  of  the  whole  thickness. 
The  outer  layer  is  radial  or  tangential  enamel.  The 
total  thickness  of  the  trailing  edges  ranges  from  70- 

80  fi. 

Mictomys  ( Metaxyomys ) anzaensis  Zakrzewski,  1972 

Discussion.— No  specimens  of  this  species  were 
examined  by  us  and  we  have  nothing  to  add  to 
Zakrzewski’s  comments. 

Kentuckomys , new  subgenus 

Type  species.— Mictomys  ( Kentuckomys ) kan- 
sasensis  Hibbard  1952. 

Diagnosis.  — Lemmings  with  the  tooth  axis  of  the 
lower  molars  shifted  to  the  labial  side;  trailing  edges 
extremely  reduced  on  the  lower  molars  with  only 
radial  enamel  present  except  near  the  apex  of  the 
lingual  triangles  (Fig.  5,  D);  incisor  terminating  pos- 
teriorly at  about  the  position  of  the  first  reentrant 
of  M3. 

Mictomys  ( Kentuckomys ) kattsasensis  Hibbard,  1952 

Material  examined  for  Schmelzmuster.  — One  lower  M,  each 
from  the  Kentuck  (type  locality),  Wathena,  and  Sappa  Local 
Faunas  and  one  M1  each  from  the  Kentuck  and  Wathena  Local 
Faunas. 

Description  of  the  Schmelzmuster.  — The  lower 
molars  have  triangles  with  leading  edges  from  70  to 
80  n thick,  with  about  50%  of  this  thickness  an  inner 
layer  of  typical  lamellar  enamel.  The  outer  layer  is 
radial  enamel.  The  trailing  edges  are  extremely  re- 
duced. Near  their  lingual  border  they  are  around  50 
yu  thick  and  contain  some  lamellar  enamel  on  the 
inside.  The  enamel  thins  rapidly  to  about  30  u and 
then  gradually  to  the  inner  part  of  the  triangles  where 
the  thickness  becomes  less  than  10  n.  The  whole 
length  except  the  previously  mentioned  lingual  mar- 
gin is  exclusively  radial  enamel  (Fig.  5,  C)  as  is  the 
case  for  the  closing  enamel  of  the  posterior  loop. 

The  strongly  reduced  labial  triangles  are  divided 
by  shallow  valleys.  The  first  valley  shows  the  normal 
differentiation  between  leading  and  trailing  edges, 
but  the  second  and  third  have  lamellar  enamel  along 
the  whole  length  of  their  enamel  band. 

The  upper  molars  differ  from  the  lower  ones  in 
having  much  less  shifting  of  the  tooth  axis.  The  shift 
in  upper  molars  is  to  the  lingual  side  causing  deeper 
labial  synclines  than  lingual  ones.  The  labial  ones 
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Fig.  6.  — Schematic  drawings  of  Schmelzmusters  in  Mictomys.  A.  Mictomys  ( Metaxyomys ) veins,  right  M2  (a  = location  of  Fig.  2,  A; 
b = location  of  Fig.  5,  A).  B-C.  Mictomys  (Kentuckomys)  kansasensis.  B.  Left  M,  (c  = location  of  Fig.  5,  D).  C.  Right  M1  (a  = location 


of  Fig.  5,  E). 

have  a Schmelzmuster  similar  to  that  of  the  lingual 
ones  in  the  lower  molars.  The  labial  triangles  oc- 
casionally show  a less  reduced  trailing  edge  with  two 
layers  consisting  of  lemming  enamel  on  top  of  radial 


enamel.  The  closing  enamel  of  the  anterior  loop 
shows  three  layers:  an  inner  radial  one,  a layer  of 
lemming  enamel,  and  an  outer  layer  of  radial  enamel 
(Fig.  5,  E). 
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SUMMARY  AND  CONCLUSIONS 


The  Lemminae  developed  superhypsodonty  and 
a differentiated  Schmelzmuster  at  a very  early  stage 
in  their  evolutionary  development.  No  predecessors 
with  rooted  molars  are  known,  although  the  Lem- 
minae extend  at  least  back  to  the  Middle  Villafran- 
chian  in  Europe.  The  North  American  form  Sy fl- 
ap to  my  s ( Plioctomys ) rinkeri  is  only  slightly  younger 
in  age,  and  the  near-simultaneous  appearance  of  the 
Lemminae  in  North  America  and  Europe  without 
antecedents  argues  for  an  origin  of  the  group  in 
northern  Asia  and  a subsequent  southern  range  ex- 
tension. Synaptomys  ( Plioctomys ) is  a little  older 
than  Lemmus  as  presently  known  and  the  alternat- 
ing arrangement  of  the  second  labial  and  first  lingual 
reentrants  in  M3  should  be  primitive.  Lemmus  had 
already  modified  this  arrangement  so  that  the  reen- 
trants are  opposing  by  the  late  Middle  Villafran- 
chian.  Although  Lemmus  is  in  some  ways  the  least 
modified  living  lemming,  Synaptomys  ( Plioctomys ) 
could  well  be  the  most  primitive  known  lemming. 
The  shift  of  the  tooth  axis  in  this  form  reported  by 
Kowalski  ( 1 977)  is  very  unclear  in  his  figures,  a shift 
is  distinctly  present  in  the  North  American  form  S. 
( P .)  rinkeri.  Something  close  to  S.  ( Plioctomys ) rink- 
eri may  have  given  rise  to  the  later  bog  lemmings 
of  North  America  including  both  the  later  Synap- 
tomys and  Mictomys  groups.  Except  for  reduction 
in  the  enamel  of  the  trailing  edges  on  the  molars, 
Synaptomys  ( Synaptomys ) is  little  modified  dentally 
from  S.  ( Plioctomys ). 

The  only  Pleistocene  record  of  Lemmus  south  of 
the  continental  ice  sheet  in  North  America  was  re- 
cently reported  from  the  late  Pleistocene  (22, GOO- 
23, 000  y.b.p.)  of  January  Cave  in  Southwestern  Al- 
berta (Burns,  1980).  This  suggests  that  Lemmus  ex- 
panded its  range  south  at  about  the  same  time  as 
Dicrostonyx  did.  The  northern  bog  lemming  group 
appears  a little  later  than  S.  ( Plioctomys ) rinkeri  and 
although  both  southern  bog  lemming  and  northern 
bog  lemming  groups  must  co-exist  temporally  at  this 
time  they  are  not  found  together  in  the  same  local 
faunas.  The  earliest  northern  bog  lemming  is  Mic- 
tomys (Metaxyomys)  vetus  known  from  the  NAAZ 
III  of  Idaho  and  probably  Nebraska.  Another  form 
M.  ( Metaxyomys ) anzaensis  occurs  as  far  south  as 
California  indicating  a very  wide  latitudinal  range 
for  Metaxyomys.  Mictomys  ( Metaxyomys ) anzaen- 
sis may  be  more  nearly  contemporary  with  M.  ( Me- 
taxyomys) landesi  from  Meade  County,  Kansas 


(Hibbard,  1954;  see  Martin,  1979,  for  a discussion 
of  the  relative  ages  of  these  faunas). 

Mictomys  ( Metaxyomys ) retains  the  primitive 
lemming  enamel  structure  but  has  carried  the  shift 
of  the  tooth  axis  to  the  point  where  the  first  and 
second  alternating  triangles  of  the  lower  molars  are 
confluent,  a major  character  uniting  all  northern  bog 
lemmings  (see  Fig.  7,  character  3).  This  confluency 
is  the  result  of  shortening  of  the  first  labial  reentrant 
angle.  In  M.  ( Metaxyomys ) vetus,  where  the  char- 
acter can  be  checked,  the  lower  incisor  has  already 
been  shortened  to  a point  beneath  the  anterior  end 
of  M3.  However,  we  cannot  be  sure  that  this  position 
holds  for  all  species  within  the  subgenus.  This  is  an 
important  point  because  the  next  oldest  known 
northern  bog  lemming  M.  ( Kentuckomys ) kansasen- 
sis  retains  the  primitive  positioning  of  the  lower 
incisor  (Hibbard,  1952).  This  subgenus  cannot  be 
considered  ancestral  to  later  species  of  Mictomys  as 
it  couples  its  primitive  incisor  position  with  the  most 
advanced  enamel  reduction  known  in  the  Lemmi- 
nae. It  must  instead  be  regarded  as  an  endemic  mid- 
western  branch  which  became  extinct  before  the  im- 
migration of  M.  ( Mictomys ) line  to  that  region. 

We  must  suppose  that  a separate  branch  including 
the  ancestor  of  Mictomys  ( Mictomys ) meltoni  ex- 
isted elsewhere  at  this  time,  perhaps  in  the  poorly 
sampled  faunas  of  the  Northeast.  Unfortunately, 
faunas  of  this  age  are  not  certainly  known  from  that 
area.  Mictomys  ( Kentuckomys ) occurs  with  the  Hol- 
arctic  genus  Allophaiomys  in  the  Wathena  and  Ken- 
tuck  Local  Faunas  in  Kansas  and  in  the  Sappa  and 
McCook  Local  Faunas  in  Nebraska.  At  the  present 
time  no  Synaptomys  ( Synaptomys ) of  this  age 
(NAAZ  IV)  has  been  recognized.  By  NAAZ  V the 
northern  bog  lemming  in  Kansas  and  Nebraska  is 
Mictomys  ( Mictomys ) meltoni  a form  distinguished 
from  M.  ( Kentuckomys ) kansasensis  by  the  more 
anterior  termination  of  its  lower  incisor  and  by  hav- 
ing two  layers  of  enamel  on  the  trailing  edges  of  its 
molar  enamel.  M.  ( Mictomys ) borealis  probably  ap- 
pears in  Nebraska  in  the  Bartek  Brothers  Local  Fau- 
na in  NAAZ  VI  and  is  not  uncommon  in  NAAZ 
VII  faunas  in  the  northeast. 

In  M.  meltoni  the  second  labial  reentrant  fold 
shows  a differentiation  between  trailing  edge  and 
leading  edge  which  is  lost  with  the  shallowing  of  this 
fold  in  M.  borealis.  The  functional  aspects  of  the 
shift  of  the  tooth  axis  is  not  yet  studied,  but  it  is 


1984 


KOENIGSWALD  AND  MARTIN- REVISION  OF  LEMMINAE 


135 


Lemmus  Synaptomys  Mictomys 


i j i ■ n t i 

Lemmus  Mvodus 

i 1 1 — •—  — i 


Plioctomys 


Kentuckomys 


nr 


Synaptomys  Met axyom ys ^ 


Mictomys 


Fig.  7.— Cladogram  showing  suggested  relationships  and  distribution  of  characters  within  the  Lemminae.  Character  1 contrasts  alternating 
synclines  in  M3  (la)  with  opposing  synclines  (lb)  (the  more  derived  the  character  the  later  the  letter  [from  a-d]  associated  with  it). 
Character  2 is  the  progressive  shifting  of  the  tooth  axis  on  M1  (as  defined  as  the  place  where  lingual  and  labial  synclines  tend  to  meet) 
towards  the  labial  side  of  the  tooth.  Character  3 is  the  development  of  a broad  confluence  between  the  first  and  second  alternating 
triangles  on  M,-M3  (arrow  gives  the  location  of  this  confluence).  Character  4 involves  the  progressive  shortening  of  the  incisor  so  that 
its  posterior  terminus  becomes  progressively  more  anterior.  Character  5 is  the  change  in  Schmelzmuster  brought  on  by  the  progressive 
loss  of  the  outer  enamel  layers  eventually  reducing  a three-layered  trailing  edge  to  a one-layered  one. 
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noteworthy  that  a second  group  of  the  Arvicolidae, 
the  North  American  genus  Phenacomys,  shows  in 
the  lower  molars  a shift  of  the  axis  in  the  same 
direction.  Among  other  rodents  similar  trends  can 
be  recognized,  one  very  obvious  example  is  the  Ca- 
viidae. 

Biogeographically,  Mictomys  predominates  in  the 
western  half  of  the  United  States  (Idaho,  Nebraska, 
Kansas,  and  California)  until  NAAZ  VI  at  which 
point  S.  ( Synaptomys ) begins  to  show  up  in  those 
faunas  (for  instance  the  Angus  Local  Fauna  in  south- 
central  Nebraska).  In  the  east,  Synaptomys  has  a 
long  record  in  Trout  Cave  in  Virginia  from  NAAZ 
V and  in  Florida  from  NAAZ  VII,  suggesting  a 
somewhat  later  arrival  farther  south. 

The  Lemminae  may  be  characterized  by  short- 
ening of  the  incisors  and  the  development  of  lem- 
ming enamel.  The  relationships  of  the  genera  and 
subgenera  may  be  worked  out  by  the  distribution 
of  character  states  in:  (1)  the  reentrant  folds  of  M3; 
(2)  the  tooth  axis  of  M,;  (3)  the  confluence  of  the 
first  and  second  triangles  of  the  lower  molars;  (4) 
the  position  of  the  posterior  end  of  the  lower  inci- 
sors; and  (5)  the  enamel  type  (Schmelzmuster).  In 
most  other  arvicolids  and  in  all  the  Synaptomyini 
the  second  and  third  reentrant  folds  are  alternating. 
In  Lemmus  these  folds  oppose  each  other  and  this 
is  a derived  character  for  Lemmus  (Fig.  7,  character 
lb).  The  Synaptomyini  are  united  by  a slight  shift 
of  the  tooth  axis  labially  (Fig.  7,  character  2b).  The 
subgenus  P/ioctomys  does  not  have  a known  autapo- 
morphy  and  therefore  fulfills  the  requirements  for 
an  ancestral  position  to  other  bog  lemmings.  The 
geographic  distribution  and  stratigraphic  occurrence 
of  Plioctomys  is  also  consistent  with  such  an  inter- 
pretation. The  subgenus  Synaptomys  has  a rela- 
tively derived  Schmelzmuster  (Fig.  7,  character  5b) 
but  is  otherwise  fairly  primitive.  Synaptomys  must 
have  been  separate  from  the  other  bog  lemmings  at 
least  as  far  back  as  the  Senecan  (NAAZ  III).  The 
northern  bog  lemmings  ( Mictomys ) are  all  united 
by  the  confluence  of  the  first  and  second  alternating 
triangles  on  the  lower  molars  (Fig.  7,  character  3). 
This  is  a derived  character  state  differing  from  most 
other  arvicolids.  Mictomys  ( Metaxyomys ) has  a 
primitive  Schmelzmuster  for  a lemming  but  (in  those 
forms  where  it  can  be  observed)  it  may  have  a slight- 


ly advanced  positioning  of  the  lower  incisor.  On  the 
whole  it  lacks  autapomorphies  and  may  be  the 
ancestor  of  the  later  Mictomys.  Mictomys  (Ken- 
tuckomys ) and  Mictomys  ( Mictomys ) share  the  most 
derived  state  of  labial  shift  of  the  tooth  axis  in  the 
lower  molars  (Fig.  7,  character  2d)  but  M.  ( Ken - 
tuckomys)  couples  a very  primitive  posterior  posi- 
tion of  the  lower  incisor  terminus  (Fig.  7,  character 
4a)  with  the  most  derived  Schmelzmuster  (Fig.  7, 
character  5c).  It  was  clearly  a side  branch. 

The  historical  biogeography  of  the  Lemminae  in 
North  America  is  of  some  interest.  The  earliest 
northern  bog  lemmings,  Mictomys  ( Metaxyomys ), 
have  an  enormous  range,  occurring  during  NAAZ 
III  from  as  far  south  and  west  as  southern  California 
to  as  far  north  as  Idaho,  Kansas  and  Nebraska.  Dur- 
ing this  same  time  Synaptomys  ( Plioctomys ) oc- 
curred in  Kansas  (Dixon  and  White  Rock  Local 
Faunas).  There  are  no  records  of  southern  bog  lem- 
mings during  NAAZ  IV  but  Mictomys  ( Kentucko - 
mvs ) is  known  from  South  Dakota,  Nebraska,  and 
Kansas.  During  NAAZ  V Lemmus  appears  in  Alas- 
ka and  true  northern  bog  lemmings,  Mictomys  ( Mic- 
tomys), occur  as  far  south  as  southern  Kansas.  Dur- 
ing NAAZ  VI  both  Mictomys  and  Synaptomys  occur 
in  Nebraska  and  Synaptomys  as  far  south  as  south- 
ern Kansas.  In  the  Wisconsinan  Mictomys  occurs 
in  eastern  faunas  along  the  Appalachians  and  Syn- 
aptomys as  far  south  as  Florida  (Synaptomys  aus- 
tralis Simpson).  With  the  end  of  the  Pleistocene  the 
range  of  all  bog  lemmings  has  become  more  north- 
erly restricted.  Although  the  ranges  of  northern  and 
southern  bog  lemmings  overlap  each  other  both 
temporally  and  geographically  they  have  not  been 
found  together  in  the  same  faunas  except  in  the 
eastern  part  of  the  United  States,  where  Mictomys 
( Mictomys ) is  found  with  Synaptomys  (Synapto- 
mys) during  NAAZ  VII.  Mictomys  (Mictomys)  also 
occurs  in  Cumberland  Cave  in  Maryland  during 
NAAZ  V,  and  although  it  is  closely  similar  to  M. 
meltoni  which  occurred  at  the  same  time  in  the  cen- 
tral Great  Plains,  it  is  more  similar  to  M.  borealis 
(Van  der  Meulen,  1978).  Synaptomys  occurs  in  Trout 
Cave  in  West  Virginia  during  NAAZ  V and  it  seems 
likely  that  the  modern  species  of  bog  lemmings  were 
derived  from  Appalachian  stock  during  the  Wis- 
consinan. 
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EOCENE  CTENODACTYLOID  RODENTS  (MAMMALIA)  OF  EASTERN 

AND  CENTRAL  ASIA 

Mary  R.  Dawson,  Chuan-kuei  Li,  and  Tao  Qi 

ABSTRACT 


A review  of  the  Eocene  rodent  record  of  China,  including  Inner 
Mongolia,  illustrates  the  dominance  of  the  Ctenodactyloidea,  a 
superfamily  here  used  to  include  the  new  Eocene  families  Co- 
comyidae  and  Y uomyidae,  in  addition  to  the  Oligocene  to  Recent 
Ctenodactylidae.  The  Eocene  family  Chapattimyidae  of  India 
and  Pakistan  is  probably  also  ctenodactyloid.  The  line  leading 
to  the  Recent  family  Ctenodactylidae  can  now  be  traced  to  the 


early  Eocene.  A new  generic  name,  Cocomys,  is  provided  for  the 
early  Eocene  species,  Microparamys  lingchaensis  Li,  Chiu,  Yan, 
and  Hsieh,  and  new  species  of  Advenimus  and  Tamquammys  are 
described.  The  ctenodactyloid  radiation  in  Asia  is  discussed  in 
morphological  and  phylogenetic  relation  to  the  Eocene  rodent 
record  elsewhere. 


INTRODUCTION 


One  of  the  most  puzzling  groups  of  rodents  has 
been  the  superfamily  Ctenodactyloidea,  having  a 
single  Recent  family,  the  Ctenodactylidae.  Simpson 
(1945),  with  his  usual  insight,  put  the  ctenodacty- 
loids  in  proper  perspective,  stating  that,  “the  group 
vies  with  or  exceeds  the  bathyergids  in  uncertainty.” 
When  Simpson  wrote,  he  recognized  no  extinct  gen- 
era of  ctenodactylids,  although  three  extinct  genera 
now  considered  ctenodactylids,  Tataromys,  Kara- 
koromys,  and  Sayimys,  were  included  in  his  clas- 
sification. The  first  two  had  been  described  as 
?Eomyidae  (Matthew  and  Granger,  1923),  consid- 
ered near  the  Theridomyidae  (Teilhard,  1926),  and 
were  treated  by  Simpson  (1945:82-83)  as  cf.  ?Ther- 
idomyidae  incertae  sedis.  The  last  was  first  recog- 
nized as  a ctenodactylid  (Hinton,  1933:622)  but  lat- 
er given  no  familial  or  subordinal  assignment.  It 
was  considered  probably  somewhat  like  various 
“Hystricomorpha”  (Wood,  1937),  and  treated  by 
Simpson  (1945:99)  as  ?Thryonomyidae  incertae 
sedis.  Bohlin’s  thorough  analysis  (1946)  of  Tata- 
romys, Karakoromys,  and  Sayimys  from  western 
Kansu  led  to  the  recognition  that  these  genera  are 
ctenodactylids  and  have  nothing  to  do  with  the 
Theridomyidae  and  Eomyidae.  Now,  16  additional 
genera,  ranging  in  age  from  Eocene  to  Pleistocene, 
have  been  referred  to  the  Ctenodactylidae  (Wood, 
1977),  although,  true  to  tradition,  several  of  them 
were  originally  assigned  to  other  families  (Bohlin, 
1946:  de  Bruijn  and  Riimke,  1974;  Dawson,  1964; 
Gregorio,  1887;  Jaeger,  1971;  Lavocat,  1961;  Li, 
1963;  Robinson  and  Black,  1973;  Shevyreva,  1971a, 
19716,  1972). 

In  spite  of  this  relatively  impressive  fossil  record, 


the  ctenodactyloids  have  remained  a group  of  un- 
certain position  relative  to  other  rodents.  The  four 
Recent  genera  of  ctenodactylids,  Ctenodactylus, 
Pectinator,  Massoutiera,  and  Felovia,  are  limited 
geographically  to  Africa  north  of  the  equator.  There 
is  no  convincing  evidence  for  close  affinities  of  these 
ctenodactylids  with  other  Recent  rodents.  Their 
morphological  combination  of  an  hystricomor- 
phous  skull  and  sciurognathous,  though  highly  mod- 
ified, jaw  is  shared  with  the  African  Anomaluridae 
and  Pedetidae  and  the  Holarctic  and  North  African 
Dipodoidea.  Their  multiserial  incisor  enamel  is 
found  also  in  the  Pedetidae,  but  the  combination  of 
reduced  premolars,  relatively  large  My,  obliquely 
lophate  molars,  and  jaw  with  reduced  coronoid  pro- 
cess and  low  condyle  is  found  only  in  the  cteno- 
dactylids. The  Recent  ctenodactylids  that  have  been 
studied  for  parts  of  their  soft  anatomy  show  some 
probably  primitive  features  (for  example,  various 
characters  of  the  fetal  membranes  in  Ctenodactylus : 
Luckett,  1971)  but  also  some  specializations  (for 
example,  cephalic  arterial  system  in  Pectinator. 
Guthrie,  1963;  Bugge,  1974).  The  total  picture  pre- 
sented by  the  Recent  cetnodactylids  is  one  of  dis- 
tinction from  other  rodents.  The  now  known  fossil 
record  emphasizes  that  at  least  some  of  the  distinc- 
tions of  their  relatives  extend  into  the  Eocene. 

This  paper  began  simply  as  a description  of  a new 
species  from  Inner  Mongolia  of  the  Eocene  cteno- 
dactyloid Tamquammys.  From  that  straightforward 
beginning  it  grew  into  a review  of  the  eastern  and 
central  Asian  Eocene  ctenodactyloids.  The  review 
led  to  the  conclusion  that  morphological  variation 
and  lines  of  divergence  seen  in  the  Eocene  record 
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were  too  great  to  allow  inclusion  of  the  Eocene  forms 
in  the  single  family  Ctenodactylidae,  and  two  ad- 
ditional ctenodactyloid  families  are  proposed  be- 
low. This  study  is  based  primarily  on  specimens 
from  China,  including  Inner  Mongolia,  in  the  In- 


stitute of  Vertebrate  Paleontology  and  Paleoanthro- 
pology, Beijing  (IVPP).  Remarks  on  fossils  from 
other  parts  of  Asia  are  based  on  casts  and  on  infor- 
mation from  the  literature. 
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THE  RECORD  OF  EOCENE  CTENODACTYLOIDS  IN  EASTERN  AND 

CENTRAL  ASIA 


A certain  amount  of  readjustment  will  undoubt- 
edly be  made  in  regard  to  estimation  of  the  ages  of 
some  Eocene  horizons  in  Asia  relative  to  those  else- 
where. Current  work  in  Inner  Mongolia  (Qi,  1979) 
is  clarifying  stratigraphic  relationships  within  that 
region,  but  details  of  correlation  between  Inner 
Mongolia,  Mongolia,  Kazakhstan,  and  more  south- 
erly parts  of  China  remain  to  be  established.  The 
problems  are  especially  acute  for  the  middle  and 
late  Eocene.  In  this  paper,  those  faunas  here  con- 
sidered referable  to  the  time  intervals  mentioned 
are  listed  to  avoid  possible  misunderstanding. 

The  family  Ctenodactylidae  was  used  by  Wood 
(1977)  to  include  the  Asian  Eocene  genera  Saykan- 
omys,  Advenimus,  Tsinlingomys,  and  Yuomys,  dis- 
tributed in  China,  Mongolia,  and  Kazakhstan. 
Though  none  is  very  completely  known,  these  gen- 
era resemble  the  later  ctenodactylids  in  some  dental 
features  including,  most  consistently,  increase  in  size 
posteriorly  of  the  molars  and  emphasis  on  a large 
hypoconulid-posterolophid.  Those  known  by  par- 
tial skulls,  Saykanomys  and  Yuomys,  are  hystri- 
comorphous;  all  are  sciurognathous.  Some  speci- 
mens of  cf  Advenimus  have  a lower  jaw  with  the 
area  for  masseter  muscle  insertion  suggestive  of  that 
in  the  later  ctenodactylids.  The  rodents  here  re- 
viewed as  ctenodactyloids  include  these  four  genera 
as  well  as  several  others  that  have  the  dental  features 
mentioned  plus  upper  molars  with  a hypocone  that 
is  separate  from  the  metacone-metaloph.  They  also 
have  well  developed  conules,  and  lower  molars  with 
metalophulid  I forming  the  anterior  wall  of  the  mo- 
lar and  a short  posterior  arm  of  the  protoconid. 
Eocene  rodents  having  these  basic  dental  features 


are  known  also  from  farther  south,  in  India  (Sahni 
and  Khare,  1973;  Sahni  and  Srivastava,  1976)  and 
Pakistan  (Hussain  and  others,  1978).  They  are  prob- 
ably also  ctenodactyloids  and  will  be  mentioned 
again  below  in  the  discussion  of  the  affinities  of  the 
central  and  eastern  Asian  ctenodactyloids. 

Early  Eocene 

(fauna  of  upper  level,  Hengtung  County,  Hunan) 

The  only  ctenodactyloid  reported  from  definitely 
early  Eocene  deposits  in  Asia  is  from  Hunan  in 
southern  China  (Li  and  others,  1979).  The  associ- 
ated fauna  suggests  an  age  equivalent  to  Cuisian  or 
Sparnacian.  The  rodent,  known  originally  from  two 
lower  jaws,  was  referred  to  as  a new  species  of  the 
ischyromyid  genus  Microparamys,  M.  lingchaensis. 
Additional,  excellent  material  of  this  species  and  a 
closely  related  one,  collected  by  Zheng  and  col- 
leagues, is  under  study  by  Zheng  and  Li  and  will  be 
described  elsewhere.  In  the  meantime,  a new  generic 
name  is  here  provided  for  M.  lingchaensis,  which 
is  not  Microparamys  but  is  rather  the  oldest  known 
ctenodactyloid. 

Cocomys,  new  genus 

Type  species.  — Microparamys  lingchaensis  Li,  Chiu,  Yan,  and 
Hsieh  (1979:76). 

Etymology.  — In  honor  of  the  late  C.  C.  Young,  distinguished 
scholar  and  eminent  paleontologist,  coining  the  name  from  the 
initials  C.  C. 

Diagnosis.  — Rodent  with  skull  protrogomor- 
phous,  infraorbital  foramen  not  enlarged;  jaw  sci- 
urognathous, coronoid  process  high,  condyle  well 


140 


SPECIAL  PUBLICATION  CARNEGIE  MUSEUM  OF  NATURAL  HISTORY 


NO.  9 


above  level  of  tooth  row,  masseteric  fossa  deep,  bor- 
dered by  dorsal  and  ventral  ridges,  of  which  dorsal 
is  heavier,  extends  to  below  M2_3.  Dental  formula 
T,  t-  Cheek  teeth  increase  in  size  from  front 
to  back.  DP4  molariform;  P4  not  molariform,  having 
single  buccal  cusp.  Upper  molars  with  well  devel- 
oped conules,  hypocone  present,  metaloph  directed 
toward  protocone.  P4  having  trigonid  slightly  wider 
than  talonid,  protoconid  and  metaconid  well  de- 
veloped, metaconid  larger;  posterior  border  of  tal- 
onid formed  by  anteroposteriorly  narrow,  trans- 
versely elongate  crest  connected  to  elongated 
entoconid.  Lower  molars  have:  anterior  wall  formed 
by  connection  of  protoconid  and  metaconid  as 
metalophulid  I;  short  posterior  arm  of  protoconid; 
rounded  mesoconid;  posterior  cingulum  set  off  by 
groove  from  hypoconid;  prominent,  elongated  hy- 
poconulid. 

Referred  species.  — Type  species  only. 

Cocomys  lingchaensis  (Li,  Chiu,  Yan,  and  Hsieh, 
1979) 

Type  specimen.  — IVPP  V5347,  left  lower  jaw  with 

P4-M3. 

Referred  specimen.  — IVPP  V5348,  left  lower  jaw  with  P4-M3. 

Horizon  and  locality.  — Early  Eocene;  locality 
76003,  Hengtung  County,  Hunan,  China. 

Diagnosis.  — Only  described  species  of  genus;  see 
generic  description. 

Discussion.— A more  complete  description  of  the 
skull  and  upper  dentition  of  Cocomys  will  be  made 
later  by  Zheng  and  Li.  At  present  the  diagnostic 
characters  given  above  and  the  previous  description 
(Li  and  others,  1979)  clearly  indicate  the  characters 
that  differentiate  Cocomys  from  Microparamys  and 
suggest  its  affinities  with  the  ctenodactyloids.  Co- 
comys is  distinguished  from  Microparamys  on  the 
basis  of  the  following  characters  of  lower  cheek  teeth 
of  the  former:  proportions  within  tooth  row  with 
increase  in  size  from  P4  to  M,;  P4  with  trigonid  well 
developed  relative  to  talonid;  molars  having  a strong 
metalophulid  I but  lacking  an  anterior  cingulum; 
cuspate  entoconid;  posterior  cingulum  set  off  from 
hypoconid;  prominent  hypoconulid  (Fig.  3E).  Den- 
tal features  of  Cocomys  that  support  alliance  with 
ctenodactyloids  are  the  increase  in  size  posteriorly 
of  the  cheek  teeth,  P4  with  one  buccal  cusp,  orien- 
tation of  lophs  toward  protocone  on  upper  molars, 
relatively  small  talonid  of  P4,  and  prominence  of 
the  hypoconulid  in  the  lower  molars.  That  Cocomys 
is  distinctly  more  primitive  than  other  ctenodac- 


tyloids is  shown  most  clearly  by  its  protrogomor- 
phous  zygomasseteric  structure  and  also  by  rela- 
tively slight  development  of  lophs. 

Late  Early  or  Early  Middle  Eocene 
(Yu-huang-ding,  Hubei) 

A new,  primitive  species  of  the  ctenodactyloid 
Advenimus  occurs  in  a locality  in  Hupei  that  was 
described  by  Xu  and  others  (1979).  This  is  the  only 
rodent  presently  known  from  deposits  that  also  yield 
the  peculiar  gliriform  anagalid  Rhombomylus. 

Advenimus  hupeiensis , new  species 

Type  specimen.  — IVPP  no.  5248,  right  jaw  with 
broken  P4,  M,_3. 

Referred  specimens.  — IVPP  nos.  5249,  right  jaw  with  worn  P4- 
M3;  5250,  left  jaw  with  crowns  of  cheek  teeth  broken  off. 

Age  and  locality.  — Late  early  or  early  middle 
Eocene;  Yu-huang-ding  Fm„  Da-jian  village,  Xi-jia- 
dian  commune,  Hubei;  field  no.  76006(80). 

Diagnosis.  — Species  of  Advenimus  near  A.  burkei 
in  size.  P4  with  talonid  wider  than  trigonid,  hypo- 
conid better  developed  than  in  other  species  of  ge- 
nus, relatively  shorter  anteroposteriorly  than  in  A. 
boh  Uni.  M,_2  have  distinct  anterior  and  posterior 
arms  of  protoconid,  rounded  mesoconid  on  ecto- 
lophid;  entoconid  not  strongly  crested.  Masseteric 
fossa  farther  posterior  than  in  other  species  of  genus. 

Description.  — The  known  specimens,  all  incom- 
plete jaws,  show  a distinct  masseteric  fossa  that  ex- 
tends forward  to  a line  between  M2_3  and  is  delim- 
ited by  an  anterodorsal  and  a stronger  ventral  ridge. 
The  coronoid  process  rises  well  above  the  tooth  row. 

The  little  worn  teeth  of  IVPP  no.  5248  (Fig.  1A) 
have  the  basic  ctenodactyloid  features  of  increase 
in  size  posteriorly  and  well  developed  hypoconulids. 
They  are  markedly  cuspate  with  little  development 
of  cresting  and  lophing.  On  P4  the  well  developed 
trigonid  root  extends  forward  beyond  the  crown.  An 
unworn  P4  trigonid  is  unknown,  but  the  posteriorly 
convex  unworn  talonid  has  cuspate  hypoconid  and 
entoconid,  and  enlarged  rounded  hypoconulid.  Fol- 
lowing wear  (Fig.  IB)  P4  has  a wide  posterodorsally 
facing  worn  surface  on  the  trigonid,  which  is  slightly 
narrower  than  the  talonid.  On  M,_2  the  protoconid 
has  short  anterior  and  posterior  arms,  which  bracket 
the  crest  of  the  metaconid;  the  ectolophid  has  a 
rounded  mesoconid.  On  M,  the  entoconid  crest  is 
short,  whereas  on  M2  there  is  a more  distinct  loph 
extending  buccally  and  curving  posteriorly  toward 
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mm 


Fig.  1 .—Advenimus  hupeiensis.  A.  Occlusal  view  incomplete  P„,  M,-M3,  IVPP  5248,  type  specimen.  B.  Occlusal  view  P4-M3,  IVPP 
5249.  x 13. 


the  hypoconulid.  The  anterior  wall  of  M3  is  formed 
by  the  union  of  the  anterior  protoconid  arm  and  the 
crest  of  the  metaconid  (metalophulid  I).  On  this 
tooth  the  posterior  protoconid  arm  is  short,  the  ec- 
tolophid  has  only  a small  swelling  indicating  a me- 
soconid,  the  entoconid  has  a weak  buccal  crest,  and 
the  posterior  wall  is  formed  by  a ridge  from  the 
hypoconid  that  joins  an  elevated  cuspule,  probably 
the  hypoconulid. 

Resemblance  to  other  species  of  Advenimus  is 
shown  by  the  cuspate  nature  of  the  teeth  and  the 
presence  of  a hypoconid  on  P4.  A.  hupeiensis  is  more 
primitive  than  other  species  in  having  less  evidence 
of  loph  development  and  the  more  posterior  posi- 
tion of  the  masseteric  fossa.  Its  measurements  are 
given  in  Table  1 . 

Middle  Eocene 

(Arshanto,  Inner  Mongolia;  Aksyir  fauna,  Obalia 
deposits,  Kazakhstan) 

Tamquammys  Shevyreva  (1971a)  is  the  only 
ctenodactyloid  described  from  probable  middle 


Eocene  deposits  of  eastern  and  central  Asia.  The 
type  species,  T.  tantillus,  is  from  Kazakhstan.  Al- 
though Wood  (1977:1 26)  considered  Tamquammys 
to  be  indeterminate,  Shevyreva's  genus  and  species 
are  here  considered  valid.  Discovery  of  another 


Table  \ .—Measurements  in  mm  of  Advenimus  hupeiensis. 


Type 

5248 

5249 

P4-M3  length 

- 

10.0 

P4  anteroposterior 

— 

2.15 

trigomd  width 

— 

1.75 

talonid  width 

1.55 

1.9 

M,  anteroposterior 

2.1 

2.45 

trigomd  width 

1.6 

1.8 

talonid  width 

1.8 

2.0 

M,  anteroposterior 

2.3 

2.6 

trigonid  width 

1.9 

2.2 

talonid  width 

2.0 

2.3 

M3  anteroposterior 

2.6 

2.8 

trigonid  width 

2.1 

— 

talonid  width 

2.0 

2.2 
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Fig.  2 . — Tamquammys  wilsoni.  anterior  portion  of  skull,  IVPP  V5678,  type.  A.  Lateral  view  showing  infraorbital  foramen  (iof).  B. 
Anterior  view.  Approximately  x6.5. 


species  of  the  genus  in  Inner  Mongolia  extends  its 
geographic  range  and  adds  to  its  known  morphol- 
ogy. 

Tamquammys  Shevyreva  (1971) 

Type  species.  — T.  tantillus.  Aksyir,  Obaila  deposits,  Zaysan 
Basin,  Kazakhstan. 


Revised  diagnosis.—  Ctenodactyloid  rodent  with 
skull  hystricomorphous,  lower  jaw  sciurognathous. 
Cheek  teeth  increase  in  size  from  front  to  back,  have 
well  developed  conules  in  upper  teeth,  well  devel- 
oped lophs  in  lowers.  P4  with  single  buccal  cusp.  P4 
with  relatively  short  and  narrow  talonid. 
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Distribution.  — Middle  Eocene.  Kazakhstan  and 
Inner  Mongolia. 

Tamquammys  wilsoni , new  species 

Type  specimen.  — WPP  no.  V5678,  anterior  por- 
tion of  skull  with  broken  incisors,  right  P4,  left  dP3- 
M2. 

Etymology’.  — Named  in  honor  of  Robert  W.  Wilson. 

Referred  specimens.  — IVPP  nos.  V5679,  right  jaw  with  I,  P4- 
M3;  V5680,  right  jaw  with  M,_3;  V5683,  left  lower  molar.  All 
specimens  came  from  one  bony  nodule. 

Horizon  and  locality.  — Arshanto,  middle  Eocene. 
Camp  Margetts  area.  Inner  Mongolia. 

Diagnosis.  — Smaller  than  T.  tantillus\  P4  has  tal- 
onid  less  well  developed  posterobuccally,  hypocon- 
id-hypoconulid  ridge  more  oblique,  less  transverse 
in  orientation. 

Description.  — The  incomplete  skull  (Fig.  2)  is  dis- 
torted both  by  lateral  crushing  and  by  some  antero- 
posterior compression  that  has  pushed  the  left  au- 
ditory bulla  anteriorly.  The  premaxilla  is  high 
dorsoventrally.  The  infraorbital  foramen  is  large. 
The  maxilla  has  a low  ridge  dorsomedial  to  the  fo- 
ramen and  a depression,  both  of  which  seem  to 
indicate  the  limits  of  origin  for  the  part  of  the  mas- 
seter  medialis  that  passes  through  the  foramen.  The 
anterior  root  of  the  zygoma  extends  laterally  in  a 
line  just  anterior  to  P3. 

Lower  jaw.  — Neither  jaw  is  complete.  The  mas- 
seteric fossa  extends  forward  to  below  the  talonid 
of  M2,  the  ridge  forming  its  lower  margin  extending 
slightly  farther  forward  to  a rounded  termination. 

Dentition.  — Upper  and  lower  incisors  are  narrow 
transversely,  with  the  former  more  curved  on  the 
lateral  side,  the  latter  more  flattened.  The  individual 
represented  by  V5678  is  immature,  still  having  left 
dP3-4  (Fig.  3A);  on  the  right  side  the  completely 
unworn  P4  is  preserved  in  its  socket  (Fig.  3B).  The 
deciduous  teeth  are  the  first  known  for  Tamquam- 
mys. DP3  has  a single  cusp  and  a posterior  cingulum, 
which  is  widest  lingually,  forming  a buccally  slanting 
shelf.  DP4,  set  somewhat  obliquely  in  the  tooth  row, 
is  basically  a molariform  tooth,  with  subequal  para- 
cone  and  metacone,  well  developed  protocone  and 
smaller  hypocone.  The  conules  are  distinct;  the  pro- 
toconule  forms  part  of  a ridge  extending  from  the 
protocone  to  the  anterolingual  side  of  the  paracone, 
and  the  metaconule  is  part  of  the  ridge  from  the 
metacone  to  the  posterolingual  slope  of  the  proto- 
cone. The  hypocone  appears  as  a lingual  develop- 
ment on  the  posterior  cingulum. 


Table  2.  — Measurements  in  mm  o/Tamquammys  wilsoni. 


V5678 

V5679 

dp4  anteroposterior 

1.2 

— 

transverse 

1.7 

- 

P4  anteroposterior 

1.2 

— 

transverse 

1.8 

- 

M1  anteroposterior 

1.4 

- 

M2  anteroposterior 

1.5 

P4-M3  length 

- 

6.7 

P4  anteroposterior 

— 

1.5 

trigonid  width 

— 

1.1 

talonid  width 

- 

0.9 

M,  anteroposterior 

— 

1.5 

trigonid  width 

— 

1.3 

talonid  width 

- 

1.5 

M2  anteroposterior 

— 

1.7 

trigonid  width 

— 

1.5 

talonid  width 

- 

1.6 

M3  anteroposterior 

— 

1.9 

trigonid  width 

— 

1.6 

talonid  width 

- 

1.5 

Unworn  P4  has  the  tip  of  the  paracone  broken  but 
is  otherwise  complete.  This  tooth,  relatively  short 
anteroposteriorly  and  wide  transversely,  has  well 
developed  anterior  and  posterior  cingula.  There  is 
one  buccal  cusp  and  a protocone,  between  which 
there  are  anterior  and  posterior  ridges  each  with  a 
conule,  the  larger  one  posterior.  The  hypocone  is  a 
small  cusp  on  the  lingual  end  of  the  posterior  cin- 
gulum. 

The  two  upper  molars  preserved  are  both  broken 
buccally,  with  the  metacone  gone  from  M1  and  both 
buccal  cusps  from  M2.  These  teeth  are  characterized 
by  a well  developed  anterior  cingulum,  elongated 
protoconule  and  larger,  rounded  metaconule  on 
lophs  extending  from  the  buccal  cusps  to  the  pro- 
tocone. The  distinct  hypocone,  which  tends  to  square 
up  the  lingual  wall,  is  smaller  than  the  protocone 
and  situated  at  the  lingual  end  of  the  posterior  cin- 
gulum. A ridge  from  the  protocone  joins  one  from 
the  hypocone,  forming  the  edge  of  the  lingual  valley. 
The  molars  exhibit  a slight  lingual  hypsodonty. 

The  lower  cheek  teeth  (Fig.  3C,  D)  have  a number 
of  distinctly  ctenodactyloid  characteristics.  The  most 
obvious  of  these  is  the  structure  of  P4,  which  has  a 
better  developed  trigonid  than  talonid.  Protoconid 
and  metaconid  are  prominent  cusps,  which  rise 
steeply  above  the  talonid.  The  relatively  low,  nar- 
rower talonid  has  a cuspate  entoconid  and  an 
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Fig.  3.  — A-D.  Tamquammys  wilsoni,  occlusal  views  of  teeth.  A.  Left  dP3-M2,  IVPP  V5678,  type.  B.  Right  P4,  IVPP  V5678.  C.  Right 
lower  molar,  IVPP  V5683.  D.  Right  P4-M3,  IVPP  V5679.  E.  Cocomvs  lingchaensis,  occlusal  view,  right  P4-M3  (reversed),  IVPP  V5347, 
type,  x 18. 


obliquely  oriented  posterobuccal  side,  which  seems 
to  be  formed  by  a posterolophid.  The  molar  trigo- 
nids  have  a ridge-like  anterior  wall  formed  by  a 
ridged  metaconid,  which  joins  the  anterior  proto- 


conid  arm  forming  a metalophulid  I.  The  posterior 
protoconid  arm  is  short.  The  ectolophid  includes  a 
rounded  mesoconid.  On  M,  the  hypolophid  extends 
somewhat  posterobuccally  from  the  entoconid  to 
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the  hypoconid,  whereas  on  M2_3  it  extends  more 
transversely  to  the  hypoconid.  The  posterior  cin- 
gulum is  prominent,  extending  both  buccally  and 
lingually  from  a large,  cuspate  hypoconulid.  On  M, 
the  posterior  cingulum-hypoconulid  projects  pos- 
teriorly, rounding  off  the  back  of  the  tooth  row. 

The  measurements  of  T.  wi/soni  are  given  in  Ta- 
ble 2. 

Early  Late  Eocene 

(includes  Lushih  and  Haitaoyuantze,  Honan;  Irdin 
Manha  and  Ulan  Shireh,  Inner  Mongolia;  Khay- 
tshin-Ula  II,  Mongolia;  Aksyir  and  Ulken-Ulasty, 
Kazakhstan) 

The  greatest  diversity  in  Eocene  ctenodactyloids 
occurs  in  this  interval,  although  the  localities  may 
span  a considerable  time. 

Advenimus  Dawson  (1964)  is  represented  by  two 
named  species,  A.  burkei  and  A.  bohlini,  and  several 
specimens  without  species  reference.  This  was  the 
first  genus  of  Eocene  ctenodactyloid  to  be  described; 
it  was  originally  referred  with  question  to  the  Sci- 
uravidae,  but  ctenodactyloid  affinities  were  sug- 
gested. As  with  the  earlier  species,  Advenimus  hu- 
peiensis,  these  species  are  known  only  from  lower 
jaws.  Their  ctenodactyloid  nature  is  shown  by  the 
proportions  of  the  molars,  large  hypoconulid,  and 
P4  with  the  talonid  not  strongly  developed  (slightly 
narrower  than  the  trigonid  in  A.  burkei,  slightly  wid- 
er in  A.  bohlini ; X-ray  photographs  taken  of  the  jaws 
of  both  species  show  that  the  premolars  are  per- 
manent ones).  In  Advenimus  cusps  are  emphasized 
over  crests,  a development  different  from  that  shown 
by  Tamquammys.  The  premolar  talonid  is  better 
developed  than  in  Cocomys  and  Tamquammys, 
having  more  similarity  to  those  in  Petrokozlovia  and 
Yuomys.  Presence  of  the  hypoconid  on  P4  also  sug- 
gests that  P4  in  Advenimus  had  a metacone. 

Saykanomys  chalchae  Shevyreva  (1972),  from 
Mongolia  and  Kazakhstan,  though  originally  de- 
scribed as  a sciuravid,  has  been  shown  to  have 
ctenodactyloid  characteristics  (Dawson,  1977; 
Wood,  1977).  The  zygomasseteric  structure  is  hys- 
tricomorphous-sciurognathous.  In  molar  morphol- 
ogy Saykanomys  has  well  developed  conules,  strong 
metalophulid  1,  large  hypoconulid,  and  other  fea- 
tures of  resemblance  to  Tamquammys.  P4  is  mo- 
lariform,  with  well  developed  anterior  cingulum, 
paracone  and  metacone  both  present,  and  distinct 
hypocone;  P4  is  elongated  anteroposteriorly  and  has 


a wider  talonid  than  trigonid.  Comparison  of  the 
figure  of  the  type  lower  jaw  of  Saykanomys  chalchae 
(Shevyreva,  1976:28  and  plate  1,  fig.  4)  with  the 
type  of  Advenimus  bohlini,  AMNH  26294,  shows  a 
striking  similarity  in  size  and  morphology  of  jaw 
and  teeth.  Although  it  is  somewhat  hazardous  to 
propose  identity  without  examining  the  type  of  Say- 
kanomys chalchae  itself,  it  appears  highly  likely  that 
it  is  synonymous  with  A.  bohlini. 

Petrokozlovia  notos  Shevyreva  (1972),  from 
Mongolia  and  Kazakhstan,  is  another  hystricomor- 
phous-sciurognathous  rodent  that  was  originally  de- 
scribed as  a sciuravid  (Shevyreva,  1972,  1976).  Its 
cheek  teeth  assume  a somewhat  cylindrodontid-like 
appearance  when  worn,  but  less  worn  teeth  show  a 
prominence  of  conules  on  the  upper  cheek  teeth  with 
the  metaconule  inclined  toward  the  protocone,  the 
molars  increase  in  size  toward  the  posterior,  and  the 
hypoconulid  appears  to  be  a prominent  structure. 
P4  is  molariform,  with  separate,  well  developed 
paracone  and  metacone,  and  P4  is  a robust  tooth, 
wider  in  talonid  than  trigonid  and  larger  than  M,. 
Thus,  Petrokozlovia  combines  several  generally 
ctenodactyloid  characters  with  premolars  having 
basic  features  of  those  of  Advenimus  and  Saykan- 
omys. 

Tsinlingomvs  Li  (1963)  is  a highly  distinctive 
ctenodactyloid,  known  by  lower  jaws  from  the  Lu- 
shih Formation  in  Honan.  It  has  an  unusual  molar 
pattern  with  the  hypolophid  curving  back  strongly 
to  the  hypoconulid.  The  molars  also  have  a com- 
plete metalophulid  II.  In  addition  to  these  distinc- 
tions, Tsinlingomvs  has  the  ctenodactyloid  feature 
of  a narrow  talonid  of  P4  without  a hypoconid  and 
molars  with  well  developed  metalophulid  I and  an 
enlarged  hypoconulid. 

A single  lower  molar  from  Haitaoyuantze,  Honan, 
was  referred  to  as  “ Sciuravus  sp.”  (Li,  1963:154). 
The  complete,  strong  metalophulid  I,  short  meta- 
lophulid II,  and  large  hypoconulid  of  this  tooth  are 
ctenodactyloid  features.  It  does  not,  however,  ap- 
pear to  belong  to  a taxon  known  by  more  complete 
material. 

Late  Eocene 

(Jentsen  and  Tung-chang,  Honan;  Ula  Usu,  Inner 
Mongolia) 

Only  one  ctenodactyloid,  Yuomys  Li  (1975),  is 
known  from  the  latest  Eocene  of  China.  This  large, 
hystricomorphous-sciurognathous  rodent  has  the 
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ctenodactyloid  features  of  molars  increasing  in  size 
toward  the  posterior,  upper  molars  with  large  con- 
ules,  metaloph  oriented  toward  protocone,  lower 
molars  with  strong  metalophulid  I,  and  pronounced 


hypoconulid.  It  has  large  P-f-  and  the  emphasis  in 
dental  development  is  on  strong  crests,  especially  in 
the  lower  molars.  Among  the  Eocene  ctenodacty- 
loids,  it  is  closest  to  Petrokozlovia  (Li,  1975:70). 


RELATIONSHIPS  OF  THE  EOCENE  CTENODACTYLOIDS 


Paleontological  work  during  the  past  20  years, 
both  field  collecting  and  interpretive  studies,  has 
shown  that  the  rodents  now  recognized  as  cteno- 
dactyloids  played  an  important  role  in  Asian  Eocene 
faunas.  The  oldest  rodent  known  from  Asia  is  the 
early  Eocene  ctenodactyloid  Cocomys.  In  the  mid- 
dle Eocene,  morphological  developments  shown  first 
by  Cocomys  had  been  further  refined  in  Tamquam- 
mys,  and  another  line,  or  lines,  of  ctenodactyloids 
had  appeared  in  southern  Asia.  By  the  early  late 
Eocene  considerable  morphological  diversity  exist- 
ed among  ctenodactyloids. 

That,  in  broadest  outline,  is  the  picture  presented 
by  the  fossil  record.  Details  of  interpretation  of  this 
record  need  further  discussion,  especially  those  cen- 
tered around  the  following  questions.  (1)  What  is 
the  position  of  Cocomys  relative  to  non-ctenodac- 
tyloid  rodents?  (2)  What  are  the  interrelationships 
among  the  Eocene  ctenodactyloids?  (3)  What  are  the 
relationships  of  the  Eocene  forms  to  those  of  the 
Oligocene? 

(1)  Cocomys  and  other  rodents.  Cocomys  shows 
an  interesting  combination  of  features.  It  shares  with 
early  ischyromyids  the  presumably  primitive  char- 
acters of  being  protrogomorphous,  having  molars 
with  lophs  only  poorly  developed,  and  possessing 
strong  conules,  especially  metaconules.  Added  to 
this,  it  has  the  basic  ctenodactyloid  features  of  upper 
molar  structure  with  the  metaloph  oriented  toward 
the  protocone  and  the  hypocone  a distinct  cusp  sep- 
arated from  the  metaloph.  In  the  lower  molars  there 
is  a strongly  developed  hypoconulid  on  a posterior 
cingulum,  which  is  separated  by  a notch  from  the 
hypoconid.  Perhaps  the  most  interesting  feature  of 
Cocomys  is  also  the  most  enigmatic-the  non-mo- 
lariform  P^-.This  is  the  feature  that  most  convinc- 
ingly links  Cocomys  with  the  post-Eocene  cteno- 
dactyloids. In  the  Oligocene  and  later  ctenodactyloids 
the  structure  of  P-j  is  based  on  that  shown  by  Co- 
comys, and  the  more  molariform  dP-|-,  first  seen  in 
Cocomys,  also  remains  characteristic  of  the  cteno- 
dactyloids, although  the  permanent  premolars  may 
be  strongly  reduced  or  even  lost  in  the  adults.  It  is 


the  structure  of  P-f-  that  bears  most  strongly  on  the 
problem  of  the  position  of  the  ctenodactyloids  rel- 
ative to  non-ctenodactyloids. 

The  described  fossil  record  of  the  oldest  known 
rodent,  the  Tiffanian  Paramys  atavus,  consists  of  a 
few  isolated  teeth,  one  of  which  appears  to  be  P4 
but  is  quite  molariform  with  well  developed  para- 
cone  and  metacone  (McKenna,  1961:3).  Wood 
(1962:139-147)  considers  P4  of  Franimys  amher- 
stensis  to  be  primitive  for  rodents.  This  tooth,  de- 
scribed as  “not  molariform,  being  the  only  known 
paramyid  of  which  this  is  true”  (Wood,  1962:142), 
has  a lingual  protocone  and  two  closely  spaced  buc- 
cal cusps,  paracone  and  metacone,  of  which  the  for- 
mer is  smaller.  Wood  hypothesizes  (Wood,  1962: 
146,  252-253)  that  “the  ancestral  P4  would  presum- 
ably have  had  a large  internal  protocone,  an  elongate 
external  metacone,  and  low  anterior  and  posterior 
cingula”  and  no  paracone;  P4  of  the  “hypothetical 
ancestral  paramyid”  would  lack  a protoconid  and 
have  a small  talonid. 

More  recently  discovered  evidence  that  may  bear 
on  the  primitive  condition  for  rodents  comes  from 
the  Asian  late  Paleocene  Heomys,  a representative 
of  the  order  Anagalida  (Li,  1977)  or  the  order  Mix- 
odontia  (Sych,  1971;  Hartenberger,  1980).  Although 
Heomys  itself  is  too  late  in  time  and  too  advanced 
in  various  morphological  details,  especially  in  de- 
gree of  hypsodonty,  to  be  in  the  ancestry  of  rodents, 
it  seems  likely  that  it  belongs  to  the  stock  out  of 
which  the  rodents  originated.  P-j  in  Heomys  are 
non-molariform:  P4  has  a single  buccal  cusp,  and  P4 
has  the  talonid  narrower  than  the  trigonid.  With 
relatively  little  modification,  the  type  of  P-j  found 
in  Cocomys  could  be  derived  from  that  of  Heomys. 
The  upper  molars,  with  hypocone  present  and  meta- 
conule  well  developed,  have  a pattern  from  which 
that  of  Cocomys  could  be  derived. 

If  the  primitive  condition  in  rodents  included  non- 
molariform  P-3-,  as  Wood  suggested  and  as  Heomys 
tends  to  corroborate,  Cocomys  would  appear  to  have 
the  most  primitive  premolars  known  for  a rodent. 
In  premolar  structure  at  least,  it  would  thus  dem- 
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onstrate  a level  more  primitive  than  that  of  the 
known  ischyromyids.  It  is  difficult  to  know,  from 
the  incomplete  fossil  record,  how  far  it  is  safe  to 
extrapolate  from  that  record.  On  the  one  hand,  the 
evidence  from  Heomys  and  Cocomys  suggests  that 
primitive  dental  characters  for  rodents  include  non- 
molariform  premolars,  upper  molars  with  a hypo- 
cone  at  least  moderately  well  developed,  and  lower 
molars  with  a prominent  posterior  cingulum-hy- 
poconulid.  On  the  other  hand,  it  must  be  remem- 
bered that  the  only  known  Paleocene  rodent  is  still 
a North  American  ischyromyid,  a group  in  which 
the  premolars  are  more  molariform  than  in  the  ear- 
liest ctenodactyloids  and  the  molars  are  very  simple, 
cuspate  teeth.  Hartenberger  (1980:297-299)  has 
suggested  that  the  ctenodactylids  (ctenodactyloids 
as  used  here)  and  ischyromyids  are  independently 
derived  from  a primitive  rodent  stock.  Perhaps  this 
was  the  case,  although  the  evidence  from  Heomys 
and  Cocomys  could  be  used  equally  well  to  support 
derivation  of  the  ischyromyids  from  a group  with 
at  least  some  ctenodactyloid  characters. 

The  only  Eocene  rodent  known  from  outside  Asia 
with  a non-molariform  P4  somewhat  reminiscent  of 
that  in  Cocomys  is  AMNH  12118,  a maxilla  with 
P'-M  ‘ from  the  Bridget  Formation  of  Wyoming 
(Dawson,  1962).  Absence  of  other  North  American 
evidence  precludes  anything  but  tantalizing  specu- 
lations on  the  significance  of  this  similarity. 

(2)  Interrelationships  among  the  Eocene  cteno- 
dactyloids. The  Eocene  ctenodactyloids  of  central 
and  eastern  Asia  appear  to  fall  into  two  morpho- 
logically distinct  groups.  In  one,  typified  by  Coco- 
mys and  Tamquammys,  P|-  are  non-molariform, 
P4  lacking  the  metacone  and  P4  lacking  a hypoconid 
and  having  a narrow  talonid.  The  less  well  known 
Tsinlingomys  belongs  with  this  group.  In  the  second 
group,  typified  by  Petrokozlovia  and  Yuomys,  P4  is 
molariform  with  a metacone  and  P4  has  a hypocon- 
id. Advenimus  and  (the  probably  synonymous)  Say- 
kanomys  may  be  allied  here.  In  Wood’s  review 
(1977)  of  the  Ctenodactylidae,  Advenimus,  Saykan- 
omys,  and  Yuomys  were  considered  to  be  Eocene 
representatives  of  that  family.  Cocomys  was  un- 
known to  Wood,  Tamquammys  was  considered  an 
indeterminate  genus,  and  Petrokozlovia  was  not  in- 
cluded. The  more  complete  record  now  available 
documents  a considerable  central  and  eastern  Asian 
radiation  of  ctenodactyloids  during  the  Eocene  and 
suggests  also  that  at  least  two  lines  of  descent  had 
become  established.  The  morphologies  and  histo- 
ries of  these  lines  lead  us  to  establish  them  as  two 


new  ctenodactyloid  families,  the  Cocomyidae  and 
the  Yuomyidae. 

Family  Cocomyidae 

Type  genus.  — Cocomys,  this  paper. 

Included  genera.  — Cocomys,  Tamquammys, 
Tsinlingomys. 

Geological  range.  — Early  to  middle  Eocene. 

Geographic  distribution.  — Kazakhstan,  Inner 
Mongolia,  China. 

Diagnostic  characters.  — Ctenodactyloid  rodents 
with  skull  protrogomorphous  to  hystricomorphous, 
mandible  sciurognathous;  dental  formula,  where 
known,  -j-s  j,  -§-•  Cheek  teeth  cuspate  to  lophate. 
P-|-  non-molariform,  lacking  metacone  and  hypo- 
conid; dP4  molariform  where  known;  on  upper  mo- 
lars protoconule  present  and  metaconule  well  de- 
veloped, on  lower  molars  posterior  arm  of  metaconid 
distinct,  lophs  of  lower  teeth  transversely  or  pos- 
terolaterally  oriented,  when  present. 

Family  Yuomyidae 

Type  genus.  — Yuomys  Li  (1975) 

Included  genera.— Petrokozlovia,  Yuomys.  Ad- 
venimus and  Saykanomvs  (probably  a synonym  of 
Advenimus)  are  tentatively  referred. 

Geological  range.  — hale  Eocene.  Advenimus  from 
late  early  or  early  middle  Eocene. 

Geographic  distribution.  — Kazakhstan,  Mongo- 
lia, Inner  Mongolia,  China. 

Diagnostic  characters.—  Ctenodactyloid  rodents 
with  skull  hystricomorphous,  mandible  sciurog- 
nathous; dental  formula,  t,  t-  Cheek  teeth 

cuspate  to  lophate.  P{  sub-molariform,  with  meta- 
cone and  hypoconid  present;  on  upper  molars  pro- 
toconule present,  metaconule  especially  well  devel- 
oped and  persistent;  posterior  arm  of  metaconid 
distinct;  lophs  of  lower  teeth  transversely  oriented, 
where  present. 

Discussion.  — The  most  important  distinctions  be- 
tween the  Cocomyidae  and  Yuomyidae  are  in  the 
structure  of  P-j.  The  Cocomyidae,  as  discussed 
above,  are  the  more  primitive  in  these  teeth,  re- 
taining their  non-molariform  nature,  although  dP4 
has  become  molariform  (and  it  may  be  predicted 
that  dP4  would  be  also,  with  hypoconid  present). 
The  earliest  cocomyids,  also  the  geologically  oldest 
ctenodactyloids,  have  a protrogomorphous  skull, 
with  the  infraorbital  foramen  approximately  the 
same  relative  size  as  in  contemporary  sciuravids  and 
having  no  sign  of  transmittal  of  masseter  muscle.  In 
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the  middle  Eocene  the  known  cocomyids  are  hys- 
tricomorphous,  as  are  the  yuomyids.  If  Advenimus 
is  a yuomyid,  molarization  of  P-ij-  characterizing  the 
family  had  taken  place  by  the  late  early  Eocene  or 
early  middle  Eocene.  Petrokozlovia  and  Yuomys 
somewhat  parallel  the  cylindrodontids  in  their 
strongly  lophate  teeth. 

The  rodents  Birbalomvs  and  Metkamys  from  the 
middle  Eocene  of  India  (Sahni  and  Khare,  1973; 
Sahni  and  Srivastava,  1976,  1977)  and  the  rodents 
referred  to  the  family  Chapattamyidae  from  the 
middle  Eocene  of  Pakistan  (Hussain  and  others, 
1978)  are  now  under  re-study  by  Sahni  and  Har- 
tenberger  (personal  communication,  April  1981). 
These  rodents  are  known  by  many  isolated  teeth 
and  a few  more  complete  specimens.  They  are  char- 
acterized by  molars  that  increase  in  size  toward  the 
posterior,  distinct  molar  hypocone,  conules  well  de- 
veloped, crest  from  the  metacone  to  or  toward  the 
protocone,  complete  metalophulid  I,  and  well  de- 
veloped hypoconulid.  These  are  characters  basic  to 
the  ctenodactyloids.  These  Eocene  rodents  of  India 
and  Pakistan  are  further  characterized  by  P4  with  a 
well  developed  hypoconid  and  a wider  talonid  than 
trigonid.  Their  lower  molars  have  a hypolophid  that 
curves  anterobuccally  and  contacts  an  anterolingual 
ridge  from  the  hypoconid.  Of  the  central  and  eastern 
Asian  ctenodactyloids,  Advenimus  and  Saykano- 
mys  (reference  by  Hussain  and  others,  1978,  of  sev- 
eral species  from  Pakistan  to  Saykanomys  is  here 
considered  incorrect)  are  closest  to  those  from  the 
Indian  region.  However,  Advenimus  and  Saykano- 
mys have  a different  morphology  of  the  hypolophid 
and  many  of  their  similarities  to  the  Indian  species 
are  in  primitive  features.  Studies  now  underway  by 
Sahni  and  Hartenberger  on  the  Indian  fossils  and 
by  de  Bruijn  (personal  communication,  October 
1981)  on  newly  discovered  early  Eocene  rodents  in 
Pakistan  should  clarify  the  nature  of  the  affinities 
among  these  Asian  ctenodactyloids. 

The  presently  known  Eocene  rodent  record  of  Asia 
shows  a dominance  of  ctenodactyloids,  somewhat 
similar  to  the  Eocene  dominance  of  theridomorphs 
in  Europe.  Ischyromyids  are  present,  though  ap- 
parently not  abundant,  in  the  Eocene  of  Asia,  but 
theridomorphs  and  sciuravids  are  absent. 

(3)  Relationships  between  the  eastern  and  central 
Asian  Eocene  ctenodactyloids  and  those  of  the  Oli- 
gocene.  Revision  of  the  post-Eocene  ctenodactyloid 
rodents  is  outside  the  scope  of  this  paper,  but  at 
least  some  suggestions  of  the  affinities  between 
Eocene  and  later  forms  may  be  ventured.  Six  genera 


of  Oligocene  ctenodactylids  have  been  reported  from 
eastern  and  central  Asia,  Tataromys,  Karakoromys, 
Leptotataromys,  Yindirtemys,  Woodomys,  and  Ter- 
rarboreus.  Of  these  Leptotataromys  and  Yindirte- 
mys are  too  poorly  known  to  figure  in  the  discussion. 
Better  known  are  Tataromys  and  Karakoromys 
(Matthew  and  Granger,  1923:5-7;  Bohlin,  1946). 
These  genera  are  hystricomorphous  sciurognaths, 
have  a jaw  with  reduced  coronoid  process  and  mas- 
seteric fossa  bounded  by  strong  ventral  crest,  dental 
formula  -f,  I.  t,  T>  non-molariform  P-f-,  and 
strongly  lophate  molars,  which  increase  in  size  to 
the  posterior  and  have  a prominent  posterior  lophid 
involving  the  hypoconulid.  The  strongest  evidence 
on  affinities  of  these  Oligocene  genera  to  those  of 
the  Eocene  is  found  in  the  structure  of  P-f-,  which 
indicates  that  the  Cocomyidae  are  allied  to  this 
group.  Woodomys,  known  from  lower  jaws  and  teeth 
from  the  middle  Oligocene  of  Mongolia  and  Ka- 
zakhstan, and  Terrarboreus,  known  by  one  maxilla 
from  the  middle  Oligocene  of  Kazakhstan  (Shevy- 
reva,  19716)  are  more  difficult  to  place  with  the 
ctenodactylids.  Terrarboreus,  originally  described 
as  a sciuravid,  was  referred  by  Wood  (1977: 1 26— 
127)  to  the  Ctenodactylidae  on  the  basis  of  its  hys- 
tricomorphy,  premolar  reduction,  and  molar  pat- 
tern. The  molars  share  some  probably  primitive  fea- 
tures with  the  Eocene  ctenodactyloids.  P4,  broken 
in  the  only  known  specimen,  appears  to  have  a hy- 
pocone and  be  well  developed  buccally,  suggesting 
that,  if  a ctenodactyloid,  Terrarboreus  is  closer  to 
the  Yuomyidae  than  to  the  Cocomyidae.  Woodo- 
mys is  more  clearly  a ctenodactyloid,  with  a narrow 
talonid  of  P4,  which  does  seem  to  have  a small  hy- 
poconid, and  a development  of  the  molars  that  is 
somewhat  more  primitive  than  in  Tataromys  and 
Karakoromys.  Wood  (1977:127)  suggested  that  Ter- 
rarboreus may  be  the  maxilla  of  Woodomys,  but 
this  association  is  far  from  established.  Until  Woo- 
domys and  Terrarboreus  are  better  described,  it  may 
be  best  to  regard  them  as  ctenodactyloids  incertae 
sedis. 

Following  Bohlin’s  (1946)  demonstration  of  the 
relationships  between  Tataromys,  Karakoromys,  and 
Sayimys  of  China  and  Mongolia  and  the  Recent 
Ctenodactylidae,  the  post-Oligocene  history  of  the 
family  became  more  clear.  Neogene  ctenodactylids 
have  been  recognized  in  India  (Black,  1972),  North 
Africa  (Lavocat,  1961;  Jaeger,  1971;  Robinson  and 
Black,  1973),  Sicily  (Bohlin,  1946;  Jaeger,  1971), 
and  Sardinia  (de  Bruijn  and  Riimke,  1974).  The 
family  also  includes  the  extant  North  African  genera 
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Ctenodactylus,  Pectinator,  Massoutiera,  and  Felov- 
ia,  and  may  be  distinguished  as  follows: 

Family  Ctenodactylidae  Zittel  (1893) 

Included  genera.  — Karakoromys,  Tataromys, 
Leptotataromys,  Yindirtemys,  Sayimys,  Metasayi- 
mvs,  Africanomys,  Testouromys,  Sardomys,  Pired- 
damys,  Irhoudia,  Pellegrinia,  Pectinator,  Massou- 
tiera, Ctenodactylus,  Felovia. 

Geologic  range.  — Oligocene  to  Recent. 

Geographic  distribution.  — Asia  (Oligocene  to 
Pliocene),  northern  Africa  (Miocene  to  Recent),  Sar- 
dinia (Miocene),  Sicily  (Pleistocene). 

Diagnostic  characters.  — Rodents  with  skull  hys- 
tricomorphous,  jaw  sciurognathous;  lower  jaw  with 
coronoid  process  from  reduced  to  nearly  absent, 
condyle  not  high,  strong  lateral  crest  forms  ventral 
border  of  insertion  of  masseter  medialis.  Incisor 
enamel  multiserial  where  known.  Dental  formula 

-f,  ■§■,  t-  non-molariform,  smaller  than 
molars,  and  may  be  lost  early  in  life,  dPy  more 
molariform;  molars  increase  in  size  to  posterior; 
upper  molar  pattern  based  on  quadrate  arrangement 
with  hypocone,  become  bilobate;  lower  molars  based 
on  arrangement  with  large  hypoconulid  lobe,  be- 
come tri-  or  bilobate;  brachydont  to  hypsodont. 

The  superfamily  Ctenodactyloidea  Simpson 
(1945)  can  now  be  seen  to  be  a very  old  group  that 
underwent  its  initial  radiation  in  Asia  during  the 
Eocene.  Characters  of  the  superfamily  are  as  follows: 
skull  protrogomorphous  in  the  oldest  known  form, 
Cocomys,  but  hystricomorphous  in  all  others;  jaw 
sciurognathous,  showing  modifications  in  post- 
Eocene  forms  toward  reduction  of  coronoid  process 
and  development  of  strong  ridge  of  masseteric  fossa; 
incisor  enamel  where  known  multiserial  in  post- 
Eocene  forms,  pauciserial  in  Eocene  forms  (Sahni, 


1980);  dental  formula  f5> o,  t;  deciduous  teeth 
relatively  well  developed  and  more  molariform  than 
Py;  molars  increase  in  size  from  My  to  My  ; upper 
molars  based  on  plan  with  prominent  conules,  hy- 
pocone present  but  not  joined  to  metaloph,  which 
is  oriented  toward  protocone,  and  lacking  a meso- 
loph,  become  lophate,  and  finally  bilobate  in  Recent 
forms;  lower  molars  based  on  plan  without  meso- 
lophid,  with  emphasis  on  posterolophid  and  hy- 
poconulid, become  lophate  and  finally  bilobate  or 
trilobate. 

Two  distinct  lines  of  ctenodactyloids,  here  rec- 
ognized as  the  two  families  Cocomyidae  and  Yu- 
omyidae,  are  present  in  the  Eocene.  The  major  dis- 
tinctions between  these  families  are  in  the  structure 
of  Py.  The  Cocomyidae  have  non-molariform 
Py,  which  appears  to  be  the  primitive  rodent  con- 
dition, and  which  characterizes  as  well  the  Cteno- 
dactylidae, probable  descendants  of  the  Cocomyi- 
dae. In  the  Yuomyidae  Py  are  sub-molariform,  and 
this  family  also  developed  lophate  cheek  teeth  rem- 
iniscent of  those  in  cylindrodontids.  The  yuomyids 
appear  to  have  left  no  descendants  past  the  Eocene, 
unless  the  affinities  of  the  middle  Oligocene  Ter- 
rarboreus  are  here. 

Following  their  Eocene  dominance  in  Asia,  the 
ctenodactyloids  persisted  into  the  Oligocene  and 
early  Miocene  in  eastern  Asia.  Their  range  became 
restricted  more  and  more  to  the  south  and  west,  and 
by  the  late  Miocene  they  were  apparently  gone  in 
eastern  Asia  but  still  occurred  in  India  and  had  ex- 
tended into  the  Mediterranean  region  and  northern 
Africa.  Their  present  distribution,  limited  to  north- 
ern Africa,  and  ecological  role  in  the  African  rodent 
faunas  contrasts  strongly  with  their  Eocene  radia- 
tion in  Asia. 
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HYSTRICOGNATHY  IN  THE  NORTH  AMERICAN  OLIGOCENE 
RODENT  CYLINDRODON  AND  THE  ORIGIN 
OF  THE  CAVIOMORPHA 

Albert  E.  Wood 


ABSTRACT 


The  historic  use  of  the  masseter  muscle  and  of  the  shape  and 
attachment  of  the  angular  process  of  the  mandible  in  the  clas- 
sification of  the  Rodentia  is  reviewed.  At  least  two  types  of  mod- 
ification of  the  masseter  (sciuromorphy  and  hystricomorthy)  have 
evolved  independently,  as  parallelisms,  a considerable  number 
of  times,  as  is  also  true  of  the  patterns  of  the  cheek  teeth.  It  is 
therefore  important  to  determine  whether  hystricognathy  has 
arisen  only  once  or  more  than  once  within  the  order.  Incipient 
hystricognathy  is  present  in  a number  of  North  American  Eocene 
rodents  of  the  Infraorder  Franimorpha.  There  is  no  current  evi- 
dence as  to  whether  all  fully  hystricognathous  rodents  are  de- 
scended from  a single  subhystricognathous  franimorph;  whether 
the  various  groups  of  late  Tertiary  and  living  hystricognaths  are 
descended  from  several  such  franimorphs;  or  whether  hystricog- 
nathy evolved  entirely  as  parallelisms,  the  modem  groups  of 


hystricognaths  being  descended  from  several  sciurognathous 
ancestors. 

Two  specimens  of  the  North  American  Oligocene  cylindrodont 
rodent  Cylindrodon  are  described  that  were  clearly  at  least  sub- 
hystricognathous. The  insertions  of  the  various  jaw  muscles  on 
the  mandible  are  identified. 

Because  the  Paleocene  Franimys  was  subhystricognathous,  it 
follows  that,  if  hystricognathy  arose  from  sciurognathy  only  once 
among  rodents,  the  middle  Eocene  cylindrodont  Mysops  must 
also  have  been  at  least  subhystricognathous.  This  genus,  known 
to  have  been  present  in  Middle  America,  the  area  whence  the 
ancestors  of  the  South  American  Caviomorpha  must  have  come 
if  they  were  New  World  forms,  is  the  only  middle  Eocene  genus 
known  from  any  part  of  the  world  that  had  the  morphological 
capabilities  to  have  been  a caviomorph  ancestor. 


INTRODUCTION 


Since  the  early  part  of  the  last  century  (Water- 
house,  1839),  the  modifications  of  the  masseter 
muscle,  as  exemplified  by  the  conditions  in  Sciurus, 
Rattus,  and  Hystrix,  have  been  considered  to  be  of 
importance  in  the  higher-level  classification  of  the 
rodents.  These  ideas  were  formalized  (Brandt,  1855) 
in  the  familiar  Suborders  Sciuromorpha,  Myomor- 
pha  and  Hystricomorpha.  Among  Recent  rodents, 
the  African  Bathyergidae  and  the  North  American 
Aplodontia  do  not  fit  into  this  classification,  but 
were  traditionally  included  in  the  Hystricomorpha 
and  Sciuromorpha,  respectively.  Tullberg  (1899) 
noted  that  there  were  two  types  of  angular  process 
among  the  rodents.  In  one,  sciurognathous,  the  angle 
arises  from  the  ventral  side  of  the  alveolus  of  the 
lower  incisor,  and  is  in  the  same  vertical  plane  as 
this  alveolus.  In  the  other,  hystricognathous,  the 
angular  process  arises  from  the  lateral  side  of  the 
mandible,  lateral  to  the  incisive  alveolus,  and  thus 
lateral  to  the  vertical  plane  that  includes  the  alveo- 
lus. Tullberg  used  this  character,  as  well  as  the  struc- 
ture of  the  masseter  muscle,  in  his  classification, 
dividing  the  Rodentia  (as  the  Suborder  Simplici- 
dentati)  into  the  Tribes  Sciurognathi  and  Hystri- 
cognathi,  the  former  including  the  Subtribes  Sciuro- 
morphi  and  Myomorphi  and  the  latter  the  Subtribes 


Hystricomorphi  and  Bathyergomorphi.  However, 
in  addition  to  Aplodontia,  this  classification  did  not 
provide  a suitable  place  for  the  sciurognathous  but 
hystricomorphous  Dipodoidea,  Anomaluridae, 
Ctenodactylidae,  and  Pedetidae,  or  for  the  Eocene 
to  Oligocene  European  rodents  now  included  in  the 
Theridomyoidea  (Theridomyidae  and  Pseudo- 
sciuridae). 

None  of  the  classifications  of  the  nineteenth  cen- 
tury gave  much  consideration  to  fossil  rodents.  This 
is  likewise  true  of  that  of  Ellerman  (1940-1941). 
The  first  real  effort  to  do  so  was  the  classification  of 
Miller  and  Gidley  (1918),  which  attempted  to  arrive 
at  a classification  of  the  rodents  that  was  phylo- 
genetically  reasonable.  Most  later  classifications  of 
all  or  part  of  the  order  have  tried  to  work  toward 
the  same  goals  that  Miller  and  Gidley  did,  with 
varying  success.  Among  such  classifications  are  those 
of  Simpson  (1945),  Wilson  (1949a:77),  Schaub 
(1953,  1958),  Thaler  (1966),  Lavocat  (1973,  1976), 
Wood  (1937,  1955,  1959a,  19596,  1965,  1974c, 
1975,  1980a)  and  Patterson  and  Wood  (1982).  Lav- 
ocat, Wood,  and  Patterson  and  Wood  have  returned 
to  the  basic  division  of  the  Rodentia  into  two  sub- 
orders, the  Sciurognathi  and  Hystricognathi,  as  pro- 
posed by  Tullberg  (1899). 
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Increase  in  our  knowledge  of  Eocene  rodents  has 
demonstrated  that  most  of  these,  as  well  as  Aplo- 
dontia,  differed  from  the  vast  majority  of  Recent 
rodents  in  that  the  origin  of  the  masseter  muscle 
remained  on  the  zygoma,  and  the  muscle  had  not 
begun  to  migrate  onto  the  snout  or  to  modify  the 
infraorbital  foramen.  This  primitive  condition  of 
the  masseter  has  been  called  protrogomorphy,  and 
the  rodents  that  showed  this  condition  were  united 
(Wood,  1937:160)  as  an  ancestral  Suborder  Protro- 
gomorpha. 

Wilson  (1949a:  1 53-1  57)  raised  questions  as  to 
whether  any  of  the  subordinal  groups  as  then  rec- 
ognized were  natural,  or  whether  there  should  be 
extensive  shifting  of  families  and  superfamilies 
among  the  suborders.  Subsequent  work  has  shown 
that  the  sciuromorphous  condition  of  the  Sciuridae 
(Black,  1963:127)  and  Castoroidea  (Castoridae  + 
Eutypomyidae)  (Wood,  1974a:87,  95-96)  must  have 
evolved  independently  from  protrogomorphous 
ancestors,  as  was  likewise  true  of  the  sciuromor- 
phous ischyromyid  genus  Titanotheriomys  (Wood, 
1976:266).  Wilson  (1949a:l  13;  19496:42-48)  dem- 
onstrated that  the  sciuromorphous  Eomyidae,  Het- 
eromyidae  and  Geomyidae  were  clearly  related,  and 
his  work  showed  enough  similarities  between  this 
group  and  what  were  then  included  in  the  My- 
omorpha  to  suggest  (1949a:  154)  that  perhaps  they 
should  all  be  united  in  a single  suborder.  Wood 
(1955: 168,  1 76-1 79)  accepted  this  idea,  and  placed 
the  Eomyidae,  Heteromyidae  and  Geomyidae  (as  a 
Superfamily  Geomyoidea)  in  the  Suborder  My- 
omorpha.  Thus,  the  consensus  would  seem  to  be 
that  sciuromorphy  arose  at  least  four  times,  inde- 
pendently, as  parallelisms,  in  the  Sciuridae,  Castor- 
oidea, Titanotheriomys , and  the  Geomyoidea. 

The  importance  of  hystricomorphy  as  a basic  di- 
agnostic character  has  been  extensively  argued.  But, 
whatever  the  relationships  or  lack  thereof  between 
the  South  American  Caviomorpha  and  the  Old 
World  Hystricomorpha  and  Bathyergomorpha,  it 
seems  certain  that  hystricomorphy  in  the  Theridom- 
yoidea  was  of  independent  origin  (Wood,  19746: 
30-31,  Fig.  4).  There  is  no  possible  interpretation 
of  the  relationships  of  the  various  rodent  groups 
involved  that  could  explain  the  hystricomorphy  of 
the  dipodoids  as  anything  but  an  independent  de- 
velopment. The  Ctenodactylidae  seem  clearly  to 
have  evolved  from  Eocene  north  Asiatic  ancestors 
and  to  have  had  nothing  to  do  with  the  origin  of 
either  the  Hystricomorpha  or  of  the  Bathyergo- 
morpha (Wood,  1977a:122-126,  133),  Hussein  et 


al.  (1978)  to  the  contrary  notwithstanding.  Nothing 
is  currently  known  of  the  origins  of  either  the  Anom- 
aluridae  or  Pedetidae  (both  first  appear  in  the  early 
Miocene  of  Africa),  but  it  seems  obvious,  to  me  at 
least,  that  they  were  not  related  to  the  African 
Thryonomyoidea.  A number  of  North  (and  Middle) 
American  Eocene  rodents  were  hystricomorphous, 
including  (at  least)  Protoptychus  (Wahlert,  1973:7) 
and  Prolapsus  { Wood,  19776:104),  and  possibly  Ra- 
pa mys  (Wood,  1962:148,  Fig.  52A). 

Although  it  is  possible  that  this  hystricomorphy 
of  some  or  all  of  the  known  New  World  Eocene 
hystricognathous  forms  evolved  in  common  with 
that  of  the  ancestors  of  the  Caviomorpha  (Wood, 
1973:30-33;  19746:31-33;  1975:78;  19776:104- 
105;  1981:86;  Patterson  and  Wood,  1982:449-450), 
these  Eocene  forms  surely  were  not  directly  ancestral 
to  any  of  the  Old  World  hystricomorphous  groups. 

Therefore,  hystricomorphy  must  have  developed, 
independently,  in  at  least  five  groups  of  rodents:  the 
New  World  Eocene  franimorphs;  the  European 
Eocene-Oligocene  Theridomyoidea;  the  Dipodoi- 
dea;  the  north  Asiatic  Eocene  Ctenodactylidae;  and 
the  Old  World  hystricognaths.  Hystricomorphy  may 
have  arisen  independently  several  additional  times. 
For  example,  we  have  no  information  as  to  whether 
all  the  New  World  hystricomorphous  franimorphs 
stem  from  a common  source,  or  whether  hystrico- 
morphy arose  independently  two  or  more  times 
within  the  group.  Unless  the  Anomaluridae  were 
derived  from  the  Theridomyoidea,  they  must  rep- 
resent an  independent  origin  of  hystricomorphy. 
Nothing  is  known  that  suggests  to  me  that  the  Pedet- 
idae are  related  to  any  other  hystricomorphous  stock, 
so  they  may  also  have  evolved  hystricomorphy  in- 
dependently. It  seems  clear  (Wood  and  Patterson, 
1970:632-633;  Wood,  19746:38;  Patterson  and 
Wood,  1982:518-519)  that  the  largely  African 
Thryonomyoidea  are  too  specialized,  particularly  in 
the  retention  of  dP^,  to  have  given  rise  to  the  Hys- 
tricidae,  as  Lavocat  (1973:153-158)  believed  they 
did.  Although  it  is  possible  that  the  Hystricidae  gave 
rise  to  the  Thryonomyoidea  (Patterson  and  Wood, 
1982:518-519),  there  is  no  present  evidence  that 
they  did,  and  the  two  groups  may  well  have  had 
independent  origins  from  incipiently  hystricogna- 
thous, but  still  protrogomorphous,  ancestors,  in 
which  case  this  would  represent  another  origin  of 
hystricomorphy.  Hystricomorphy  is  generally  ab- 
sent in  the  Bathyergidae,  although  it  was  well  de- 
veloped in  Bathyergoides  (Lavocat,  1973:  PI.  7,  Fig. 
4)  and  is  technically  present  in  Cryptomys  coecutiens 
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(Tullberg,  1899:  PI.  2,  Fig.  17).  In  view  of  the  com- 
plete absence  of  hystricomorphy  in  the  north  Asiatic 
Oligocene  Tsaganomyidae  (probably  closely  related 
to  the  Bathyergidae),  the  bathyergomorphs  would 
also  seem  to  have  acquired  their  limited  amount  of 
hystricomorphy  independently,  and  perhaps  even 
twice.  Thus,  it  would  seem  that  hystricomorphy 
could  have  evolved  at  least  9 or  10  times,  in  both 
related  and  unrelated  stocks  of  rodents. 

Although  this  is  extensive  parallelism,  from  what 
we  know  of  parallelism  in  other  features  among  the 
Rodentia,  this  should  not  be  surprising. 

It  has  been  clear  for  a long  time  (Engesser,  1979: 
41-42;  Fahlbusch,  1970:  much  of  paper,  but  espe- 
cially pp.  98-102;  Lavocat,  1951;  1954:127;  1955: 
634;  Patterson  and  Wood,  1982:450,  491-492;  Vi- 
aney-Liaud,  1972;  Wood,  1935:249;  1936;  1947: 
156-161;  1950:90-97;  1965:122-124;  19746:38-41; 

1 974c:977;  1975:76-77;  1977^:  133-136;  19806: 
267-268;  Wood  and  Patterson,  1970:631)  that  ro- 
dents have  demonstrated  a vast  amount  of  paral- 
lelism in  all  features  and  at  all  levels,  especially  in 
the  development  of  cheek-tooth  patterns.  Schaub 
(1953,  1958:691-694;  see  Wood,  1 965: 1 24)  tried  to 
base  the  classification  of  the  order  on  cheek-tooth 
structure,  but,  in  spite  of  his  encyclopedic  knowl- 
edge of  the  order,  his  conclusions  have  been  gen- 
erally disregarded  (for  a recent  exception,  see  Lav- 
ocat, 1976:84-86),  and  his  classification  ignored. 
The  evidence  for  parallelism  in  rodent  cheek-tooth 
patterns  was  just  too  overwhelming. 

It  therefore  becomes  of  major  importance  to  de- 
termine whether  hystricognathy  originated  only 
once,  or  whether  it,  too,  developed  independently 
two  or  more  times  within  the  Rodentia. 

Lavocat’s  classification  (1973,  1976)  accepts  im- 
plicitly, and  that  of  Patterson  and  Wood  (1982:476) 
explicitly,  the  postulate  that  hystricognathy  is  a val- 
id basis  for  isolating  one  group  of  rodents  as  the 
Suborder  Hystricognathi,  because  hystricognathy  is 
assumed  to  have  originated  only  once  in  the  evolu- 
tion of  the  rodents,  and,  therefore,  all  hystrico- 
gnathous  forms  are  descended  from  a single  hystri- 
cognathous  ancestor.  However,  both  Hoffstetter 
(1973:159,  161)  and  Patterson  and  Wood  (1982: 
476)  recognize  the  possibility  that  hystricognathy 
may  have  evolved  as  parallelisms  in  two  or  more 
distinct  stocks.  Such  an  event  would  make  the  sub- 
ordinal classification  of  the  rodents  exceedingly  dif- 
ficult, because  there  would  then  be  no  feature  that 
could  be  used  as  a morphological  criterion  auto- 
matically to  subdivide  the  Rodentia. 


However,  one  possibility  that  needs  to  be  inves- 
tigated further  is  that  there  may  have  been  an  ex- 
tensive Eocene  stock,  largely  protrogomorphous,  that 
was  incipiently  hystricognathous  (the  Infraorder 
Franimorpha  of  Wood,  1975:78-79),  and  that  full 
hystricognathy,  as  well  as  hystricomorphy,  devel- 
oped independently  from  such  an  ancestral  stock, 
as  parallelisms,  in  several  lines  of  Oligocene  and 
later  (as  well  as  Eocene)  rodents.  There  is,  at  present, 
little  or  no  evidence  permitting  one  to  decide  wheth- 
er: (1)  all  fully  hystricognathous  rodents  arose  from 
a single  subhystricognathous  franimorph;  (2)  a num- 
ber of  different  subhystricognathous  franimorphs 
gave  rise  to,  e.g.,  the  Caviomorpha,  Bathyergomor- 
pha,  and  Hystricomorpha  (if  the  last  are  a mono- 
phyletic  group);  or  (3)  the  modern  hystricognaths 
had  several  distinct  sciurognathous  ancestors,  hys- 
tricognathy having  evolved  completely  as  parallel- 
isms. I personally  favor  the  second  possibility. 
Whatever  the  evolutionary  sequences,  hystricogna- 
thy presumably  resulted  from  selection  for  the  elon- 
gation and  more  anteroposterior  alignment  of  the 
Pterygoideus  interims  (Woods,  1972:131).  Woods 
believed  that  this  was  related  to  the  development 
of  propalinal  chewing.  It  seems  much  more  probable 
to  me  that  the  modification  of  the  Pterygoideus  in- 
terims was  one  of  several  changes  that  were  the  result 
of  selection  for  increased  gnawing  ability,  and  that 
propalinal  chewing  was  a secondary  result,  permit- 
ted by  the  changes  in  the  jaw  musculature. 

In  general,  hystricognaths  are  Oligocene  or  later, 
most  students  having,  at  least  implicitly,  considered 
Eocene  rodents  to  have  been  sciurognathous.  Some 
years  ago,  Landry  (1957:82)  noted  that  the  North 
American  middle  Eocene  rodent  Reithroparamys 
possessed  an  incipiently  hystricognathous  angle  of 
the  lower  jaw.  I observed  (1962: 117)  that  there  were 
a number  of  other  Eocene  rodents,  and  even  one 
from  the  latest  Paleocene  (Wood,  1 974a:  1 6-1 7),  in- 
cluded by  me  in  the  Reithroparamyinae,  that  also 
possessed  this  type  of  angular  process.  I consid- 
ered this  one  of  the  fundamental  diagnostic  char- 
acters of  the  subfamily.  Hystricognathous  angular 
processes  have  since  been  observed  in  other  Eocene 
rodents,  including  ones  from  West  Texas  (Wood, 
1972;  1973:22,  27-29)  and  Mexico  (Black  and  Ste- 
phens, 1973:2-4),  and  possibly,  Protoptvehus  ( Wah- 
lert,  1973:14).  These  are,  to  date,  the  only  Eocene 
rodents  described  from  any  part  of  the  world  that 
have  been  shown  to  have  been  hystricognathous  or 
incipiently  hystricognathous. 

Because  these  rodents  are  all  more  primitive  than 
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any  hitherto  recognized  Oligocene  or  later  hystrico- 
gnaths  (the  South  American  Oligocene  and  later  Ca- 
viomorpha,  and  the  Old  World  Oligocene  and  later 
Hystricomorpha  and  Bathyergomorpha  — for  the 
classification  of  the  rodent  Suborder  Histricognathi, 
see  Patterson  and  Wood,  1982:509-523),  I (1975: 
78-79)  grouped  them  in  a new,  ancestral,  infraorder 
of  the  Suborder  Hystricognathi,  the  Franimorpha, 
including  the  Reithroparamyinae,  the  Protoptych- 
idae,  and  the  genera  (of  uncertain  familial  alloca- 
tion) Guanajuatomys  and  Prolapsus.  This  classifi- 
cation left  the  Reithroparamyinae  in  the  Family 
Paramyidae,  along  with  several  sciurognathous 
subfamilies.  This  arrangement  seemed  (and  still 
seems)  entirely  reasonable  to  me;  the  Reithropara- 
myinae had  diverged  from  the  other  paramyids  in 
characters  that  I now  consider  of  subordinal  signif- 
icance, but  had  not  yet  diverged  in  characters  that 
I consider  of  familial  importance  (Wood,  19806: 
265-266).  If  one  considers  that  a classification  should 
be  indicative  of  the  evolution  that  actually  occurred, 
there  should  be  no  objection  to  such  an  arrange- 
ment. If  one  feels  (as  I believe  to  be  the  case  with 
many  contemporary  taxonomists)  that  a classifica- 
tion should  be  a rigid  filing  system  that  could  be 
entrusted  to  a computer,  then  such  an  arrangement 
becomes  anathema. 

The  late  Bryan  Patterson  argued,  in  connection 
with  our  study  of  the  early  Oligocene  rodents  of 
Bolivia  (Patterson  and  Wood,  1982),  that  this  ar- 
rangement would  not  be  acceptable  to  most  tax- 
onomists, and  that  we  should  separate  the  Reith- 
roparamyinae from  the  Paramyidae  at  the  familial 
level  as  well  as  at  that  of  the  suborder.  I reluctantly 
agreed  that  this  was  probably  the  best  solution  to 
follow,  and  we  have,  therefore,  recognized  the 
Reithroparamyidae  as  a distinct  family  of  the  In- 
fraorder Franimorpha  within  the  Suborder  Hystri- 
cognathi (Patterson  and  Wood,  1982). 

As  pointed  out  elsewhere  (Wood,  19806:270;  Pat- 
terson and  Wood,  1982:476),  hystricognathy  could 
not  have  arisen,  de  novo,  fully  developed,  but  must 
have  evolved  in  stages.  Furthermore,  the  selection 
was  probably  not  for  hystricognathy,  but  rather  for 
the  more  anteroposterior  alignment  and  increased 
length  of  the  Pterygoideus  internus  (Woods,  1972: 
131;  Wood,  19806:269-270;  1981:80-81;  Patterson 
and  Wood,  1 982:476-477),  a muscle  that  arises  from 
the  pterygoid  fossa,  just  behind  the  cheek  teeth,  and 
that  inserts  on  the  inner  surface  of  the  angular  pro- 
cess (Fig.  1D-F).  This  muscle,  although  less  impor- 
tant to  rodents  than  the  masseter,  is  nevertheless  a 


very  important  factor  in  the  anteroposterior  motion 
of  the  lower  jaw  in  gnawing,  especially  among  the 
hystricognaths. 

It  is  therefore  quite  interesting,  and  presumably 
significant,  that  there  have  been  no  Eocene  hystri- 
cognaths as  yet  described  from  any  part  of  the  Old 
World.  Lavocat  (1973:163)  referred  to  an  Eocene 
rodent  from  Pakistan,  presumably  ancestral  to  the 
African  Oligocene  Thryonomyoidea  (Phiomyidae 
of  Wood,  1968;  Phiomorpha  of  Lavocat,  1973:20; 
1976).  This  specimen  was  referred  to  by  Wood 
(19776:104),  on  the  authority  of  Lavocat.  This  was 
apparently  one  of  the  forms  since  described  by  Hus- 
sain et  al.  (1978)  as  a member  of  their  Chapatti- 
myidae,  a group  that  they  considered  ancestral  not 
only  to  the  Thryonomyoidea  and  through  them  to 
the  Caviomorpha,  but  also,  surprisingly,  to  the  North 
American  Middle  Eocene  to  Oligocene  Cylindro- 
dontidae.  No  lower  jaws  of  any  of  the  Pakistani 
rodents  referred  to  the  Chapattimyidae  appear  to  be 
known.  The  lower  jaws  of  all  the  northern  Asiatic 
genera  placed  in  this  family  by  Hussain  et  al.  (but 
placed  in  the  Ctenodactylidae  by  Wood,  1 911a)  were 
sciurognathous;  the  cheek  teeth  of  the  Pakistan 
“chapattimyds”  look  much  more  like  those  of 
ctenodactylids  than  like  those  of  thryonomyoids; 
there  is  no  indication  in  any  “chapattimyid”  of  any 
tendency  toward  retention  of  dmj  as  is  true  of  all 
thryonomyoids;  and  the  incisor  enamel  (contrary  to 
the  statement  by  Hussain  et  al.,  1978:104)  is  a dia- 
grammatic example  of  the  primitive  type  of  rodent 
enamel,  the  pauciserial  one  (Wahlert,  1968:Fig.  lc; 
Korvenkontio,  1934:P1.  34,  Figs.  1-2).  Therefore, 
these  Pakistani  rodents  must  at  present  be  consid- 
ered to  be  members  of  the  Sciurognathi,  and  seem 
to  have  been  either  ctenodactyloids  or,  more  prob- 
ably, ctenodactylids,  with  no  relationship  to  the  cy- 
lindrodonts  or  to  the  thryonomyoids. 

Some  years  ago  (Wood,  1974a:53),  I was  im- 
pressed by  a number  of  similarities  between  the  tooth 
pattern  of  certain  early  Oligocene  cylindrodonts 
(Subfamily  Jaywilsonomyinae)  of  Mexico  and  that 
of  the  Deseadan  caviomorphs  of  South  America, 
but  stressed  that  this  was  merely  an  example  of  par- 
allelism rather  than  an  indication  of  relationship, 
because,  at  that  time,  I believed  the  cylindrodonts 
to  have  been  sciurognathous. 

Recently,  however,  I came  upon  a specimen  of 
the  early  Oligocene  cylindrodont  Cylindrodon  fontis 
in  the  collections  of  the  American  Museum  of  Nat- 
ural History  (A.M.N.H.  no.  94501),  in  which  both 
lower  jaws,  essentially  complete,  were  preserved  ar- 
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ticulated  with  the  skull.  A ventral  view  of  the  lower 
jaw  clearly  shows  that  the  angular  process  is  lateral 
to  the  incisive  alveolus  and  that  it  arises  from  the 
lateral  wall  of  the  alveolus  (Wood,  1981  :Fig.  2d), 
conditions  typical  of  hystricognathy.  These  are  ap- 
parently the  first  North  American  cylindrodont  jaws 
to  be  reported  in  which  all  or  nearly  all  of  the  angular 
processes  are  preserved. 

However,  once  it  is  recognized  that  the  cylindro- 
donts  might  have  been  hystricognathous,  illustra- 
tions of  other,  more  fragmentary  jaws  suggest  that 
the  angle  arose,  in  various  members  of  this  family, 
from  the  lateral  surface  of  the  alveolus,  and  that  the 
ventral  margin  of  the  horizontal  ramus  passes 
mesiad  of  the  beginnings  of  the  angular  process. 
Such  figures  include:  Black,  1965:Fig.  2b  ( Pseudo - 
cylindrodon  neglectus);  Burke,  1935:Figs.  1-2  (Pseu- 
docylindrodon  neglectus  and  Cylindrodon  fontis)-, 
Matthew  and  Granger,  1925:Fig.  8 ( Ardynomys  ol- 
seni);  Shevyreva,  1976:Fig.  8 d-e  (. Morosomys  sil- 
entii);  Wood,  1 937: Pi.  24,  Fig.  1 (Cylindrodon  fon- 
tis );  1970:Figs.  la,  2a  ( Ardynomys  olseni );  1974a: 
Figs.  14d  (Cylindrodon  fontis),  15c  ( Pseudocylin - 


drodon  neglectus ),  19a  (Pseudocvlindrodon  cf.  tex- 
anus ) and  24c  and  25i  ( Jaywilsonomys  pintoensis ). 
Students  had  not  expected  these  forms  to  have  been 
hystricognathous,  and  therefore  had  not  recognized 
the  condition,  particularly  since  there  usually  had 
been  extensive  breakage  of  the  angular  processes. 
The  lateral  views  of  the  jaws  of  these  forms  (the  only 
medial  views  published  were  those  of  Ardynomys 
olseni : Matthew  and  Granger,  1925:Fig.  8;  Wood, 
1970:Fig.  2a;  and  Shevyreva,  1976:Fig.  9b;  and  of 
Morosomys  silentii:  Shevyreva,  1976,  Fig.  8e)  show 
almost  as  much  indication  of  hystricognathy  as  does 
the  corresponding  view  of  the  undoubted  hystri- 
cognath  Prolapsus  from  the  Big  Bend  area  of  Texas 
(Wood,  1973:Fig.  5a).  It  should  be  pointed  out,  how- 
ever, that  the  jaw  of  Cylindrodon  is  not  fully  hys- 
tricognathous because  there  is  no  suggestion  of  the 
expansion  of  the  Masseter  superficialis,  pars  reflexa 
onto  the  medial  side  of  the  bone.  This  expansion, 
presumably  unrelated  to  the  lengthening  of  the  Pter- 
ygoideus  internus,  is  characteristic  of  fully  hystrico- 
gnathous rodents. 


DESCRIPTION 


Two  lower  jaws  of  Cylindrodon  fontis  are  of  spe- 
cial interest.  Both  rami  of  the  lower  jaw  of  A.M.N.H. 
no.  94501  (collected  by  J.  R.  Hough,  near  Cameron 
Springs,  Wyoming,  in  1959)  were  in  place,  missing 
the  anterior  portion  including  the  symphysis.  The 
premaxillae  are  also  missing.  At  least  nine  vertebrae 
(the  first  postcranial  material  of  Cylindrodon  to  be 
reported)  are  also  present,  at  least  in  part  articulated. 

In  ventral  (Fig.  1A)  or  posterior  (Fig.  IB)  view, 
the  entire  ascending  ramus  and  angular  process  lie 
lateral  to  the  course  of  the  lower  incisor.  This  is 
almost  identical  to  the  conditions  in  Cyclomylus 
lohensis  figured  by  Shevyreva  ( 1 976: Fig.  12z).  The 
masseteric  crest  (Woods,  1972:Fig.  la),  marking  the 
insertion  of  the  Masseter  lateralis  profundus  (Woods, 
1972: 125)  begins  high  on  the  mandible,  beneath  the 
anterior  part  of  M : immediately  below  the  scar  for 
the  insertion  of  the  tendon  of  the  Masseter  medialis 
anterior  (Fig.  1C),  and  passes  the  ventral  margin  of 
the  horizontal  ramus  at  the  level  of  the  middle  of 
Mj.  The  incisor  (Fig.  1A)  ends  just  behind  the  rear 
of  M-. 

In  mesial  (Fig.  ID)  or  posterior  (Fig.  IB)  view, 
the  prominent  inflected  angle  can  be  seen,  folded 
inward  to  make  an  exceedingly  deep  cavity.  It  has 


proven  impossible  to  remove  all  the  matrix  from 
this  area  (Fig.  1 B),  but  it  seems  certain  that,  at  most, 
there  is  only  a small  nutritive  foramen  in  its  bottom. 
The  median  wall  of  this  fossa,  the  inflected  portion 
of  the  angle,  lies  in  the  plane  of  the  incisive  alveolus. 
Anterior  and  dorsal  to  this  cavity  is  a shallower  pit 
that  lies  within  the  area  of  insertion  of  the  Masseter 
superficialis , pars  reflexa  (Woods,  1972:123-124, 
Fig.  3b).  The  ventral  and  medial  surfaces  of  the 
inflected  angle  were  the  area  of  insertion  of  the  main 
portion  of  the  Masseter  superficialis  (Woods,  1972: 
123).  The  dorsal  margin  of  the  inflected  angle  is 
continued  forward,  upward  and  then  backward,  as 
a well-marked  crest,  that  fades  out  below  and  an- 
terior to  the  condyle  and  that  separates  the  main 
body  of  the  mandible  from  the  angular  process.  This 
crest  marks  the  anterior  limit  of  the  insertion  of  the 
Masseter  superficialis,  pars  reflexa  (Woods,  1972: 
123-124).  The  mandibular  foramen  leads  into  the 
jaw  about  half  way  between  the  posterior  ends  of 
M3  and  of  the  condyle,  and  appreciably  above  the 
upper  margin  of  the  fossa  for  the  insertion  of  the 
pars  reflexa  (Fig.  1 D-E). 

The  deep  fossa  lateral  to  the  inflected  angle  (Fig. 
IB,  D;  PIE)  is  clearly  the  fossa  of  insertion  of  the 
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Fig.  1.  — Right  lower  jaws  of  Cylindrodon  fontis,  x 5 (Scale  bar,  in  mm,  applies  to  all  figures):  A-E,  A.M.N.H.  no.  94501.  A.  Ventral 
view,  B.  Posterior  view.  C.  Lateral  view  showing  horizontal  ramus  disappearing  behind  angular  process.  D.  Posterior  part  of  medial 
view,  showing  muscle  insertions.  E.  Medial  view.  F,  A.M.N.H.  no.  F:AM  105370,  medial  view  of  posterior  part. 

Abbreviations:  I-I,  plane  of  lower  incisor.  MF,  mandibular  foramen.  MLP,  insertion  of  Masseter  lateralis  profundus.  MMA,  attachment 
of  tendon  of  Masseter  medialis  anterior.  MSM,  insertion  of  main  portion  of  Masseter  superficialis.  MSR,  insertion  of  Masseter  super- 
ficialis,  pars  reflexa.  PE,  insertion  of  Pterygoideus  externus.  PIE,  insertion  of  Pterygoideus  internus,  external  part.  PII,  insertion  of 
Pterygoideus  internus.  internal  part.  TM,  insertion  of  main  part  of  Temporalis.  TO,  insertion  of  orbital  part  of  Temporalis. 
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external  portion  of  the  Pteiygoideus  interims  (Woods, 
1972:131),  which  would  seem  to  have  been  signif- 
icantly larger  in  Cylindrodon  than  was  the  internal 
portion,  whose  area  of  insertion  was  slightly  higher 
on  the  angle  (Fig.  ID;  PII).  There  do  not  seem  to 
be  any  markings  to  indicate  the  limits  of  the  inser- 
tion area  of  the  Pterygoideus  externus  (Fig.  1D-E; 
PE). 

A clearly  marked  crest  along  the  median  side  of 
the  anterior  part  of  the  coronoid  process  (Fig.  1 D- 
E)  forms  the  sharp  boundary  between  the  areas  of 
insertion  of  the  main  part  of  the  Temporalis,  on  the 
tip  and  anterior  surface  of  the  coronoid,  and  the 
orbital  portion,  inserting  in  the  large  fossa  filling 
most  of  the  median  face  of  the  coronoid  (Woods, 
1972:130). 

The  distribution  of  the  various  parts  of  the  mus- 
culature in  this  area  is  thus  similar  in  A.M.N.H.  no. 
94501  to  what  is  found  in  modern  caviomorphs 
(Woods,  1972:123-131). 

However,  rather  surprising  differences  were  noted 
on  another  jaw  of  Cylindrodon  fontis  in  the  Amer- 
ican Museum  collections,  from  Pipestone  Springs, 
Montana  (A.M.N.H.  no.  F:A.M.  105370),  which 
likewise  preserves  a considerable  portion  of  the 
mandible  behind  the  cheek  teeth  (Fig.  IF).  The  hys- 
tricognathy  and  inflection  of  the  angle  is  as  pro- 
nounced as  in  the  first  specimen.  There  is  no  trace 
of  either  the  pit  within  the  fossa  of  the  Masseter 
superficialis,  pars  reflexa  or  the  deep  pit  for  the  ex- 
ternal portion  of  the  Pterygoideus  interims.  Instead, 
there  is  a pronounced  groove  separating  the  inser- 
tion of  the  pars  reflexa  not  only  from  the  external 
(as  in  A.M.N.H.  no.  94501,  Fig.  1D-E),  but  also 
from  the  internal,  portion  of  the  Pterygoideus  in- 
ternus  (Fig.  IF).  The  insertion  of  the  pars  reflexa 
seems  to  have  extended  considerably  higher  on  the 
mandible  than  in  A.M.N.H.  no.  94501,  reaching 
nearly  to  the  mandibular  foramen  (Fig.  IF),  which 
is  smaller  than  in  A.M.N.H.  no.  94501.  Further- 


more, in  the  posterior  portion  of  the  mandible  that 
is  preserved  (Fig.  1 F),  there  does  not  seem  to  be  any 
visible  separation  between  the  insertions  of  the  main 
and  orbital  portions  of  the  Temporalis. 

The  musculature  of  the  Mongolian  cylindrodont 
Ardynomys  olseni  seems  to  show  some  differences 
from  both  of  these  specimens  of  Cylindrodon.  In 
Ardynomys,  the  insertion  of  the  pars  reflexa  appar- 
ently extended  over  the  entire  length  of  the  posterior 
part  of  the  jaw,  being  clearly  visible  below  the  con- 
dyle (Wood,  1970:Fig.  2a).  As  preserved,  this  spec- 
imen does  not  show  the  sharp  demarcation  between 
the  fossa  for  the  pars  reflexa  and  that  for  the  Pter- 
ygoideus interims  seen  in  Cylindrodon.  The  lower 
jaw  of  the  tsaganomyid  Cyclomylus  lohensis  (Shev- 
yreva,  1976:Fig.  12e,  j)  appears  to  have  had  mus- 
cular insertions  very  like  those  of  Ardynomys  olseni. 

The  significance  of  the  apparent  muscular  vari- 
ants among  cylindrodonts  is  difficult  to  determine. 
The  portions  of  the  specimens  present  are  very  well 
preserved,  and  there  is  no  indication  of  differential 
post-mortem  abrasion.  It  seems  most  probable  that 
there  was  considerable  variation  among  cylindro- 
donts in  the  jaw  musculature,  perhaps  indicating 
that  active  evolution  of  these  features  was  in  pro- 
gress. It  is  possible  that  A.M.N.H.  no.  94501  came 
from  considerably  later  in  the  Chadronian  than 
Pipestone  Springs  (see  Wood,  1980a:59,  correlation 
table,  for  relative  ages  within  the  Chadronian).  If 
this  is  the  case,  it  could  indicate  a reduction  in  the 
size  of  the  Masseter  superficialis,  pars  reflexa,  and 
a considerably  augmented  differentiation  between 
the  two  parts  of  the  Pterygoideus  interims  and  of  the 
Temporalis  during  this  interval.  These  differences 
between  Ardynomys  olseni  and  Cylindrodon  fontis 
could  merely  be  allometric  (since  the  former  is  about 
twice  the  size  of  the  latter),  or  they  might  indicate 
evolutionary  divergence.  Certainly  they  seem  to  in- 
dicate that  Ardynomys  was  more  closely  related  to 
the  Tsaganomyidae  than  was  Cylindrodon. 


DISCUSSION 


If  the  postulate  stated  above,  that  incipient  hys- 
tricognathy  originated  only  once  among  the  Roden- 
tia,  is  correct,  the  presence  of  hystricognathy  in  the 
early  Oligocene  Cylindrodon  would  mean  that  such 
a mid-Eocene  ancestral  cylindrodont  as  Mysops 
(Wilson,  1949a:94)  must  have  been  at  least  incipi- 
ently  hystricognathous,  presumably  about  as  much 
so  as  was  its  contemporary,  Reithroparamys  (Wood, 


1962:Fig.  41e),  or  the  latest  Paleocene  (Wood,  1974a: 
16-17)  Franimys  (Wood,  1962:Fig.  48d).  There 
clearly  was  a distinct  Middle  American  (as  that  term 
is  defined  by  Ferrusquia,  1978:198)  rodent  fauna 
(Wood,  1974a:  102-104),  which  included  at  least  one 
middle  Eocene  species  of  Mysops  (Wood,  1973:13- 
21)  as  well  as  the  early  Oligocene  cylindrodont 
Subfamily  Jaywilsonomyinae  (Wood,  1974a:53). 
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Although  it  is  obvious  that  we  know  only  a small 
part  of  this  Middle  American  fauna,  what  we  do 
know  is  enough  to  indicate  that  the  fauna  as  a whole 
must  have  been  quite  diverse,  beginning  at  least  as 
early  as  the  middle  Eocene  (Wood,  1973). 

The  origins  of  the  South  American  Caviomorpha 
have  been  the  subject  of  extensive  argument,  some 
authors  proposing  an  African  origin  and  others  an 
origin  from  Middle  America  (summarized  by  Lav- 
ocat,  1976:69-86,  and  by  Patterson  and  Wood,  1982: 
449-522,  respectively).  One  of  the  factors  that  has 
prevented  any  agreement  as  to  the  ancestry  of  the 
caviomorphs  is  that  there  have  been  no  hystrico- 
gnathous  rodents  known  from  any  part  of  the  world 
that  could  have  been  truly  ancestral  to  the  cavio- 
morphs. Lavocat  (1976:69-86)  has  argued  that  un- 
known Eocene  ancestors  of  the  early  Oligocene 
thryonomyoids  of  Egypt  were  such  ancestors;  Wood 
(1973:30-33;  19746:31-33;  1975:78;  19776:104- 
105;  1981:83-88;  1983:390)  and  Patterson  and 
Wood  (1982:458-459)  have  nominated  unknown 
relatives  of  some  of  the  known  middle  to  late  Eocene 
North  and  Middle  American  hystricognaths.  But, 
in  either  case,  the  postulated  ancestors  were  un- 
known animals  with  hypothetical  morphology. 

Lavocat  (1973:163)  reported  an  isolated  tooth  of 
what  he  thought  to  be  a thryonomyoid  ancestor  from 
the  Eocene  of  Pakistan:  Hussain  et  al.  (1978)  de- 
scribed, as  the  Family  Chapattimyidae,  a number 
of  Pakistani  Eocene  forms  that  they  thought  were 
such  ancestors  (as  well  as  being  ancestral  to  the  con- 
temporaneous North  American  Cylindrodontidae), 
but  all  of  the  known  jaws  that  they  refer  to  the 
Chapattimyidae  are  sciurognathous;  the  cheek-tooth 
pattern  of  “chapattimyids”  is  more  suggestive  of  the 
Ctenodactylidae  than  of  the  Thryonomyoidea;  and 
there  is  no  indication,  in  any  of  the  genera  that 
Hussain  et  al.  refer  to  the  Chapattimyidae,  of  the 
delayed  replacement  of  the  deciduous  teeth  that  is 
an  outstanding  characteristic  of  all  known  members 
of  the  Thryonomyoidea. 

The  much  greater  diversity  of  the  early  Oligocene 
caviomorphs  than  of  the  contemporary  thryonom- 
yoids in  Africa  strongly  suggests  that  rodents  had 
been  in  South  America  considerably  longer,  before 
the  beginning  of  the  Oligocene,  than  they  had  been 
in  Africa,  and  makes  it  quite  likely  that  they  had 


arrived  in  South  America  very  shortly  after  Musters 
(middle  Eocene)  time  (Patterson  and  Wood,  1982: 
47 1 ; Wood,  1 983).  We  therefore  should  look  among 
middle  Eocene  rodents  for  possible  caviomorph 
ancestors. 

The  discovery  that  Cylindrodon  (and  presumably 
the  remainder  of  the  family  as  well)  was  hystrico- 
gnathous  greatly  increases  the  significance  of  the 
dental  similarities  of  the  early  Oligocene  Jaywilson- 
omyinae  to  the  Deseadan  caviomorphs,  previously 
commented  on  by  Wood  (1974^:53).  There  are  no 
known  dental  features  that  would  prohibit  the  cy- 
lindrodont  Mysops  boskeyi,  from  the  middle  Eocene 
of  southern  Texas  (Wood,  1973:Figs.  3-4)  from 
having  been  close  to,  if  not  actually,  the  ancestor  of 
the  brachydont  Deseadan  caviomorphs  Platypit- 
tamys,  Migraveramus,  Deseadomys,  and  Xylechi- 
mys.  The  only  other  brachydont  Deseadan  rodent, 
Protostei ro mys,  had  slightly  more  complex  upper 
molars  (Wood  and  Patterson,  1959:Fig.  30).  It  could 
be  a slightly  more  evolved  derivative  from  the  same 
ancestral  type,  or  it  might  represent  the  descedant 
of  a second  Middle  American  invader  of  South 
America,  of  a type  still  not  recognized  in  Middle 
America,  assuming  that  the  Erethizontidae  are  as 
distinct  from  the  other  caviomorphs  as  has  some- 
times been  proposed  (Vanzolini  and  Guimaraes, 
1955tf:30;  19556:346;  Moody  and  Doninger,  1956: 
52-53;  Bugge,  1974:56,  70,  71,  73). 

We  now  at  last  have  actual  fossils  of  animals  that 
lived  in  a possible  source  area  for  caviomorph 
ancestors,  at  what  seems  a suitable  time  to  have 
allowed  for  the  development  of  the  known  amount 
of  early  Oligocene  (Deseadan)  caviomorph  diver- 
sity, and  that  had  a tooth  pattern  less  complex  than, 
but  potentially  ancestral  to,  that  of  the  most  prim- 
itive of  the  Deseadan  caviomorphs.  I confidently 
expect  that  further  work  in  the  Eocene  of  Middle 
America  will  produce  further  evidence  of  cavio- 
morph affinities  among  the  rodents  of  this  area.  Fur- 
thermore, it  should  be  emphasized  that  these  Mid- 
dle and  North  American  Eocene  franimorphs  are 
the  only  Eocene  rodents  known  from  any  part  of  the 
world  that  combine  incipient  hystricognathy  with  a 
tooth  pattern  that  could  have  led  to  that  of  the  Ca- 
viomorpha. 
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SKELETONS  OF  THE  DIMINUTIVE  SABERTOOTH  EUSMILUS  FROM 
THE  ARIKAREEAN  OF  SOUTH  DAKOTA 

Laurie  J.  Bryant 

ABSTRACT 


Associated  partial  skeletons  of  a juvenile  and  an  adult  dimin- 
utive sabertoothed  carnivore  from  Washabaugh  County,  South 
Dakota,  include  the  first  known  postcranial  material  of  Eusmilus 
Gervais,  1876.  Hoplophoneus  belli  Stock,  1933  and  Ekgmoitep- 
tecela  olsontau  Macdonald,  1963  are  found  to  be  synonyms  of 
Hoplophoneus  cerebralis  Cope,  1880.  That  species  is  referable  to 


Eusmilus  and  should  be  known  as  Eusmilus  cerebralis  (Cope). 
Adult  individuals  of  E.  cerebralis  were  probably  about  the  size 
of  the  living  bobcat  Felis  ( Lynx ) rufa,  although  their  skeletons 
are  more  robust  and  muscle  scars  indicate  that  these  animals, 
while  small,  were  powerfully  built. 


INTRODUCTION 


In  the  summer  of  1978  I collected  two  partial 
skeletons  of  small  sabertoothed  carnivores  in  Wash- 
abaugh County,  South  Dakota.  The  remains  were 
so  closely  associated,  and  so  fragmentary  and  dis- 
articulated, that  the  presence  of  more  than  one  in- 
dividual did  not  become  apparent  until  nearly  all 
the  fragments  had  been  washed  and  sorted.  Whether 
the  animals  died  of  disease  or  injury,  and  whether 
they  were  mother  and  offspring  or  unrelated,  is  left 
to  speculation. 

Remains  of  diminutive  sabertooths  are  extremely 
rare  in  the  North  American  Tertiary;  only  four  pub- 
lished specimens,  and  perhaps  an  equal  number  of 
unpublished  specimens,  are  known.  The  relative 
completeness  of  the  two  skeletons  described  in  this 
paper,  including  skulls,  jaws,  and  postcranial  ele- 
ments, not  only  makes  possible  direct  comparison 
of  the  three  described  species  of  small  sabertooths, 
Hoplophoneus  cerebralis,  H.  belli,  and  Ekgmoitep- 
tecela  olsontau,  but  also  reveals  a wealth  of  detail 
about  their  ontogeny  and  postcranial  morphology, 
formerly  undescribed. 

Acronyms.  — AMNH,  American  Museum  of  Natural  History, 
New  York,  New  York;  LACM,  Los  Angeles  County  Museum  of 
Natural  History,  Los  Angeles,  California;  PU,  Geological  Mu- 
seum, Princeton  University,  Princeton,  New  Jersey;  SDSM,  Mu- 
seum of  Geology,  South  Dakota  School  of  Mines  and  Technology, 


Rapid  City,  South  Dakota;  UCMP,  University  of  California  Mu- 
seum of  Paleontology,  Berkeley,  California. 

Locality.  — UCMP  V79034,  Two  Cat.  This  locality  is  in  the 
White  River  Badlands,  south  of  the  White  River  and  east  of 
Bear-in-the-Lodge  Creek,  Washabaugh  County,  South  Dakota. 
Detailed  locality  information  is  on  file  in  the  Museum  of  Pa- 
leontology, University  of  California,  Berkeley,  California. 

Stratigraphy  and  chronostratigraphic  age.  — In  most  of  the  White 
River  Badlands  the  typically  pinkish-tan  overbank  deposits  of 
the  Brule  Formation  (Orellan-Whitneyan)  are  conformably  over- 
lain  by  the  Rockyford  Ash  Member  or  the  pale  tan  massive 
siltstones  of  the  upper  member  of  the  Sharps  Formation  (Ari- 
kareean).  Near  UCMP  V79034  this  apparently  is  not  the  case. 
Some  100  meters  of  channel  deposits  of  various  lithologies  lie 
between  what  seems  to  be  the  typical  Brule  and  Sharps  Forma- 
tions. These  intervening  deposits  probably  represent  a facies  of 
the  Sharps  Formation  not  seen  in  its  type  area  some  40  km  west 
of  UCMP  V79034,  in  Shannon  County,  South  Dakota.  The  bea- 
ver Palaeocastor  occurs  throughout  the  channel  deposits  strati- 
graphically  above  and  below  UCMP  V79034;  it  is  typical  of 
Arikareean  faunas.  It  is  likely  that  the  southeastern  White  River 
Badlands  would  produce  an  Arikareean  fauna  reflecting  envi- 
ronmental or  depositional  conditions  quite  different  from  those 
of  the  Sharps  Formation  fauna  as  described  by  Macdonald  (1963, 
1970),  collected  only  40  km  to  the  west. 

J.  C.  Harksen  (field  notes,  1977)  assigned  letter  designations 
from  A through  U to  units  of  the  channel  deposits  in  the  vicinity 
of  UCMP  V79034,  beginning  at  the  top  with  typical  Sharps  For- 
mation and  proceeding  downward.  Unit  U appears  to  be  the  top 
of  the  Scenic  Member  of  the  Brule  Formation.  Harksen  desig- 
nated the  horizon  of  UCMP  V79034  as  L and  described  its  li- 
thology as  wormy  tan  silty  ash  with  some  vertical  joint  faces. 
Unit  L is  some  2 m thick. 


MATERIALS 


The  two  specimens  of  Eusmilus  cerebralis  described  in  this 
paper  are  UCMP  123180,  an  adult  partial  skeleton,  and  UCMP 
123181,  a juvenile  partial  skeleton.  Most  of  the  elements  pre- 
served in  both  specimens  are  fragmentary.  What  remains,  how- 
ever, is  generally  well  preserved. 

Faint  cartilaginous  lines  between  epiphyses  and  shafts  of  the 
limb  bones  indicate  that  the  adult  individual  (UCMP  123180) 


was  not  fully  mature.  Some  of  the  vertebral  epiphyses,  especially 
those  on  the  thoracic  vertebrae,  are  not  completely  fused.  The 
juvenile  specimen  (UCMP  123181)  retains  epiphyses  only  on  the 
proximal  end  of  the  right  humerus  and  the  anterior  end  of  the 
right  ilium.  Table  1 lists  the  elements  present  in  each  specimen; 
measurements  of  selected  elements  are  given  in  Table  2. 
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TAXONOMY 


Hatcher  (1895)  referred  the  first  North  American 
sabertoothed  carnivore  specimen  (PU  11079)  to 
Eusmilus.  He,  and  subsequent  workers,  thought  that 
the  long,  laterally  compressed  upper  canine,  the  ex- 
tremely deep  dentary  flange,  and  the  reduction  of 
the  cheek  tooth  number  established  generic  identity 
of  the  large  North  American  specimens  with  the 
smaller  specimens  of  Eusmilus  known  from  Europe. 

Macdonald  (1963:221)  diagnosed  Ekgmoitepte- 
cela,  from  the  Sharps  Formation  (Arikareean)  of 
Shannon  County,  South  Dakota,  as  a “small,  short- 
faced cat  with  dentition  like  that  of  Eusmilus  Ger- 
vais,  1875.”  (It  should  be  noted  that  although  1875 
is  frequently  given  as  the  date  of  publication  for 
Eusmilus  the  actual  date  was  1876.  The  correct  ci- 


tation is  given  in  the  literature  cited  at  the  end  of 
this  paper.)  The  type  specimen  of  Ekgmoiteptecela 
olsontau  (SDSM  54247)  apparently  represents  a 
short-faced  individual,  and  that,  coupled  with  its 
small  size,  distinguished  it  from  the  large,  long-faced 
Eusmilus  sicarius  and  Eusmilus  dakotensis  (Orellan 
and  Whitneyan)  found  in  the  Brule  Formation  in 


Table  2.— Measurements  (in  millimeters)  o/Eusmilus  cerebralis. 


Measurements 

UCMP  123180 
(adult) 

UCMP  123181 
(juvenile) 

a-p 

trans 

a-p 

trans 

Estimated  snout-vent  length 

610.0 

510.0 

Skull,  approx,  a-p  dia. 

1 10.0 

95.0 

Rt.  dentary,  depth  below  P4 

18.0 

— 

Rt.  dentary,  depth  below  dP4 

— 

13.5 

Rt.  P4-M,,  a-p  dia.  (alveolar) 

19.0 

- 

Left  P4-M,,  a-p  dia.  (alveolar)  20.0 

- 

Rt.  M, 

— 

— 

13.3 

— 

Left  dC,  root 

— 

— 

3.15 

1.1 

Left  I3  root 

— 

— 

2.25 

1.15 

Left  I2  root 

— 

— 

3.15 

2.25 

Left  I,  root 

— 

— 

2.25 

1.2 

Rt.  dP3 

— 

— 

ca. 

2.9 

10.0 

Rt.  dP4 

— 

— 

3.65 

4.7 

Rt.  M1 

— 

— 

4.0 

4.2 

Atlas 

— 

— 

18.4 

36.0 

Axis 

— 

— 

24.0 

20.0 

4th  cervical,  centrum 

12.8 

— 

9.2 

— 

1st  thoracic,  centrum 

11.7 

— 

7.9 

— 

1 1th  thoracic,  centrum 

13.5 

— 

11.0 

— 

1 3th  thoracic,  centrum 

— 

— 

9.5 

— 

2nd  lumbar,  centrum 

19.0 

— 

12.7 

— 

4th  lumbar,  centrum 

19.9 

— 

— 

— 

7th  lumbar,  centrum 

17.5 

— 

— 

— 

Sacrum 

45.2 

32.0 

— 

— 

Rt.  scapula,  glenoid  fossa 

16.8 

1 1.25 

— 

— 

Left  scapula,  glenoid  fossa 

- 

- 

11.3 

8.75 

Rt.  humerus,  prox.  end 

— 

— 

19.0 

13.0 

Left  humerus,  prox.  end 

24.2 

24.2 

— 

— 

Rt.  humerus,  dist.  end 

13.6 

28.5 

— 

— 

Left  humerus,  dist.  end 

— 

— 

8.85 

— 

Left  radius,  prox.  end 

8.8 

12.0 

— 

— 

Left  radius,  dist.  end 

11.5 

16.85 

— 

— 

Rt.  femur,  prox.  end 

— 

— 

10.5 

18.6 

Left  femur,  prox.  end 

13.7 

30.5 

- 

— 

Left  femur,  dist.  end 

20.0 

24.0 

— 

— 

Rt.  tibia,  prox.  end 

24.0 

22.3 

— 

— 

Left  tibia,  dist.  end 

12.6 

16.6 

— 

— 

Femur,  estimated  length 

119.0 

— 

— 

Tibia,  estimated  length 

112.0 

— 

— 

Left  calcaneum,  length 

31.0 

- 

- 

Left  astragalus,  max.  width 

9.5 

— 

- 

Femorotibial  index* 

94.1 

- 

— 

* Tibia  length/femur  length  x 100. 


Table  1 .—Elements  preserved. 


UCMP  123180  (adult)  UCMP  123181  (juvenile) 


Skull:  Partial  maxillae,  jugals, 
frontals,  squamosals,  parietals, 
temporals,  petrosals,  basisphe- 
noid,  occipital 

Dentary:  Fragments  of  horizon- 
tal rami,  flanges 

Vertebrae:  Atlas  fragment,  cervi- 
cals  4-7,  thoracics  1-4,  7-9, 

1 1,  lumbars  2,  4,  6-7  (frag- 
mentary) 

Sacrum:  Present 

Scapula:  Right  and  left  proximal 
ends 

Humerus:  Proximal  ends,  right 
distal  end,  left  distal  fragment 

Ulna:  Left  proximal  end 

Raduis:  Right  and  left  proximal 
and  distal  ends,  shaft  frag- 
ments 

Innominate:  Right  and  left  ilium 
and  ischium  fragments 

Femur:  Right  and  left  proximal 
ends,  left  distal  end 

Tibia:  Right  proximal  end,  shaft 
fragment,  and  distal  fragment; 
left  shaft,  distal  end 

Calcaneum:  Left,  nearly  com- 
plete 

Astragalus:  Left,  nearly  complete 

Stemebrae:  Manubrium;  meso- 
stemum  fragment 


Nasal,  frontals,  maxillae, 
parietals,  jugals,  squa- 
mosal, temporal,  petro- 
sals, occipital 

Horizontal  rami,  left  con- 
dyle, left  half  of  sym- 
physis 

Cervicals  1-7,  thoracics  1, 
2,  5-9,  1 1-13,  lumbar  2 
(fragmentary) 

Absent 

Right  and  left  proximal 
ends 

Proximal  ends,  right  distal 
fragment 

Left  proximal  end 


Right  and  left  anterior  il- 
ium and  ischium  frag- 
ments 

Right  proximal  end 
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the  White  River  Badlands  only  a few  kilometers 
from,  and  a short  distance  stratigraphically  below, 
the  type  locality  of  Ekgmoiteptecela  olsontau. 

A number  of  students  of  fossil  carnivores  now 
believe  that  the  large  North  American  Oligocene 
species  formerly  known  as  Eusmilus  should  be  re- 
ferred to  Hoplophoneus,  and  that  the  diminutive 
sabertooths —Hoplophoneus  cerebralis  Cope,  1880, 
H.  belli  Stock,  1933,  and  Ekgmoiteptecela  olsontau 
Macdonald,  1 963  — represent  the  only  actual  occur- 
rences of  Eusmilus  in  North  America  (Toohey,  1959; 
Morea,  personal  communication;  Martin,  1980). 
These  three  taxa,  and  a few  undescribed  specimens, 
have  been  found  in  rocks  of  late  Oligocene/early 
Miocene  age  in  the  Great  Plains,  eastern  Oregon, 
and  southern  California.  Morea  (personal  commu- 
nication) believes  that  H.  belli  is  a synonym  of  H. 
cerebralis,  and  that  H.  cerebralis  should  be  referred 
to  Eusmilus.  Morea  (personal  communication)  fur- 
ther believes  that  Ekgmoiteptecela  olsontau  prob- 
ably would  be  found  to  be  a synonym  of  Eusmilus 
cerebralis  (Cope)  if  skulls  and  dentaries  of  the  former 
were  found  in  association.  The  associated  skulls  and 


dentaries  described  in  this  paper  make  possible  the 
direct  comparison  of  all  three  taxa. 

The  skull  of  the  adult  animal  (UCMP  123180), 
although  fragmentary  and  edentulous,  closely  re- 
sembles Cope’s  type  of  Hoplophoneus  cerebralis 
(AMNH  6941)  and  the  type  of  H.  belli  (LACM  463) 
in  general  outline,  shape  of  the  canine  alveolus,  den- 
tal formula,  large  postorbital  processes,  high,  ver- 
tical occiput,  and  long  mastoid  processes  and  gle- 
noid pedicles.  The  associated  lower  jaws  of  UCMP 
1 23 1 80,  likewise  fragmentary  and  edentulous,  com- 
pare well  with  SDSM  54247,  the  type  dentary  of 
Ekgmoiteptecela  olsontau,  in  dental  formula,  in- 
ferred relative  size  and  position  of  the  cheek  teeth, 
position  of  the  coronoid  fossa,  and  position  and  size 
of  the  flange.  For  these  reasons  I think  both  Hoplo- 
phoneus belli  and  Ekgmoiteptecela  olsontau  should 
be  considered  junior  synonyms  of  Hoplophoneus 
[ =Eusmilus ] cerebralis  Cope.  Morea’s  decision  (per- 
sonal communication)  to  use  the  new  combination 
Eusmilus  cerebralis  (Cope)  appears  to  me  to  be  en- 
tirely justified. 


OSTEOLOGY 


Skull.  — In  the  adult,  UCMP  1 23 1 80,  the  occipital 
region  of  the  skull  rises  vertically  to  a high,  rounded 
lambdoidal  crest  (Fig.  1).  The  sagittal  crest  is  thin, 
low,  and  short.  A thin  median  supraoccipital  ridge 
extends  from  the  foramen  magnum  to  the  lamb- 
doidal crest.  As  in  Hoplophoneus,  the  mastoid  pro- 
cesses and  glenoid  pedicles  are  greatly  elongated. 
Beneath  the  thin  parietals  is  an  endocranial  cast  in 
the  cerebral  fossa.  The  postorbital  processes  appear 
to  have  been  large.  Portions  of  a large  infraorbital 
foramen  and  a small  lacrimal  canal  remain.  The 
upper  canines  are  broken  away,  but  what  remains 
of  their  alveoli  suggest  that  they  were  extremely 
compressed  laterally  and  that  their  roots  reached  a 
point  just  above  the  anterior  border  of  the  orbits. 
Posterior  to  the  alveolus  of  the  left  canine  are  the 
two  small  roots  of  P3. 

Fracturing  of  the  skull  by  natural  means  has  ex- 
posed the  endocranial  cast,  the  frontal  sinuses,  and 
the  internal  auditory  regions.  The  endocast  closely 
resembles  one  identified  as  Eusmilus  (Radinsky, 
1971  :fig.  3A).  Radinsky’s  terminology  for  features 
of  the  endocast  (1969,  1971)  is  used  here.  On  the 
dorsal  surface  of  the  endocast  the  sagittal,  lateral, 
and  suprasylvian  sulci  are  visible.  The  dorsal  por- 


tion of  the  ectosylvian  sulcus  can  be  seen  on  the  left 
side,  and  appears  to  be  strongly  arched.  The  su- 
praorbital sulcus  is  deep  and  well  defined.  There  is 
no  evidence  of  a cruciate  sulcus.  The  posterior  por- 
tion of  a rounded  olfactory  bulb  is  present  on  the 
left  side.  Although  this  is  a rather  simple  brain,  it 
shows  the  beginnings  of  cortical  complicaton  which 
would  increase  motor  control  and  tactile  sensitivity 
(Radinsky,  1971:521). 

Two  frontal  sinuses  lie  on  either  side  of  the  dorsal 
midline  where  they  are  exposed  in  cross  section  in 
the  postorbital  constriction.  Nearest  the  midline  is 
a narrow  sinus,  and  dorsolateral  to  it  a larger  one 
which  is  just  dorsal  to  the  orbit.  Bone  over  the  area 
of  the  cerebrum  is  2 to  3 mm  thick.  Anterior  to  the 
brain  cavity  the  skull  roof  thickens  to  include  the 
frontal  sinuses,  but  laterally  it  remains  thin. 

Both  tympanic  bullae  have  been  broken  away  in 
UCMP  123180.  The  petrosals  are  exposed  to  ven- 
tral, medial,  and  dorsal  view,  and  the  left  petrosal 
is  cracked,  partly  exposing  the  coils  of  the  cochlea. 
A large  foramen  on  the  dorsal  surface  of  the  petrosal 
carried  the  cochlear  branch  of  the  auditory  nerve 
(VIII).  Part  of  the  posterior  horn  of  the  left  tympanic 
ring  is  exposed. 
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Fig.  l.—Eusmilus  cerebralis,  UCMP  123180.  Posterior  cranium 
fragment.  Left  dorsolateral  view,  endocast  stippled.  Left  occipital 
condyle  at  lower  right.  Scale  bar  equals  1 cm. 

Part  of  what  seems  to  be  the  posterior  lacerate 
foramen  remains  on  a fragment  of  the  basioccipital. 
Although  this  fragment  does  not  contact  any  other, 
it  appears  that  the  posterior  lacerate  foramen  lay 
near  the  posteromedial  border  of  the  tympanic  bul- 
la. 

The  incomplete  nature  of  the  juvenile  skull 
(UCMP  123181)  precludes  an  accurate  determina- 
tion of  its  dimensions;  it  was  perhaps  20%  smaller 
than  that  of  the  adult.  Several  of  its  features  are 
probably  age-related;  for  example,  the  lambdoidal 
crest  is  low,  there  is  no  sagittal  crest,  the  mastoid 
processes  and  glenoid  pedicles  are  short,  and  the 
horizontal  rami  of  the  dentaries  are  shallow.  Large 
postorbital  processes  curve  ventrolaterally  away 
from  the  skull  roof.  The  exposed  ventral  surface  of 
the  frontals  shows  the  positions  of  sagittal,  lateral, 
and  supraorbital  sulci  on  the  brain,  and  the  olfactory 
bulbs.  The  left  petrosal  bears  a fragment  of  the  an- 
terior horn  of  the  tympanic  ring.  Where  the  frontals 
are  broken  near  their  contact  with  the  maxillae,  roots 
of  both  permanent  and  deciduous  canines  are  ex- 
posed in  cross  section,  just  anterior  to  the  orbits. 
The  deciduous  canine  root,  oval  in  cross  section  and 
only  1.5  mm  in  transverse  diameter,  lies  medial  to 
the  larger  (2.2  mm  transverse  diameter)  root  of  the 
permanent  canine. 

The  right  maxilla  (Fig.  2)  of  the  juvenile  specimen 
contains  dP3-4  and  M1.  The  broken  dP3  is  blade-like 
and  three-rooted.  There  is  a large,  vertical  posterior 
root,  a somewhat  smaller,  anteriorly-slanted  ante- 
rior root,  and  a small  anterolingual  root  which  seems 


Fig.  2.— Eusmilus  cerebralis,  UCMP  123181.  Right  maxilla  with 
dP3-dP4  and  M'.  Occlusal  view.  Scale  bar  equals  1 cm. 


to  have  acted  as  a buttress  for  the  blade  rather  than 
in  support  of  a cusp.  The  dP4  is  roughly  triangular, 
wider  than  long,  and  three-rooted.  Crests  extend 
from  the  three  corners  of  the  tooth  to  a central  cusp, 
and  there  is  a low  labial  cingulum.  M1  is  a small 
rounded  peg  just  erupting  from  the  maxilla.  Its  near- 
ly featureless  crown  slopes  posterodorsally.  The  pal- 
ate is  deeply  excavated  between  dP3  and  dP4  and 
between  dP4  and  M 1 , forming  a bony  ridge  extending 
lingually  from  dP4.  A fragment  of  the’  anterior  part 
of  the  jugal  adheres  to  the  fragment  of  maxilla  on 
the  lower  border  of  the  orbit.  A tiny  fragment  of  the 
left  maxilla,  also  with  a small  portion  of  the  jugal 
attached,  is  broken  to  expose  the  posterior  half  of 
the  unerupted  P4,  a transversely  flattened  blade  about 
7 mm  in  height.  There  is  a minute  camassial  notch 
but  no  evidence  of  roots  on  this  tooth. 

Dent  ary.  — Both  dentaries  of  the  adult  are  frag- 
mentary; no  teeth  are  preserved,  and  the  ascending 
rami  and  most  of  the  symphysis  are  absent.  The 
posterior  root  ofM,  is  small,  the  anterior  root  larger. 
Although  the  posterior  root  of  P4  is  wider  than  the 
anterior,  the  two  are  essentially  subequal  in  size. 
The  coronoid  fossa  extends  anteriorly  to  a point  just 
posteroventral  to  the  posterior  root  of  M,.  The  most 
extraordinary  feature  of  the  dentary  is  the  deep  flange 
which  protected  the  upper  canine.  Although  both 
flanges  are  preserved  in  UCMP  1 23 1 80,  they  do  not 
contact  the  fragments  of  the  horizontal  rami.  Re- 
lationships between  these  fragments  can  be  inferred 
from  a juvenile  right  dentary,  LACM  5465,  which 
Macdonald  (1970:68)  referred  to  Ekgoiteptecela  ol- 
sontau.  Depth  of  the  flanges  apparently  increased 
until  maturity;  those  of  the  juvenile,  LACM  5465, 
are  smaller  than  those  of  UCMP  123180,  a young 
adult.  The  flanges  met  in  a deep  median  symphysis. 
Only  some  7 mm  at  the  ventral  tips  remained  free. 


1984 


BRYANT -EUSMILUS  SKELETONS 


165 


Lateral  surfaces  of  the  flanges  lay  about  20  mm  apart 
along  the  anterior  margins.  UCMP  123180  shows 
no  evidence  of  the  large  mental  foramen  seen  in  the 
type  specimen  of  E.  olsontau  (SDSM  54247),  but 
the  referred  right  dentary  (LACM  5465)  also  lacks 
one.  There  are  two  small  foramina  on  the  anterior 
face  of  the  right  flange  in  UCMP  123180,  one  near 
the  ventral  tip  and  another  about  12  mm  dorsal  to 
it.  Flange  shape,  and  position  and  shape  of  the  fo- 
ramina on  the  anterior  dentary,  are  highly  variable 
in  sabertoothed  carnivores  (Baskin,  1981).  A prom- 
inent knob  on  the  medial  surface  of  the  dentary, 
postero ventral  to  the  posterior  root  ofMt,  was  prob- 
ably the  point  of  attachment  for  the  pterygoideus 
muscle,  which  adds  power  to  the  bite  and  restrains 
the  jaws,  preventing  disarticulation. 

The  left  dentary  of  the  juvenile  specimen  (UCMP 
123181)  is  fairly  complete,  lacking  only  the  flange 
and  posterior  portion  of  the  jaw.  The  right  dentary 
is  much  less  complete,  and  all  erupted  teeth  in  both 
dentaries  are  broken  away. 

The  condyle  is  wide  and  nearly  cylindrical,  though 
it  tapers  to  a blunt  point  medially.  The  broken  an- 
terior edge  of  the  condyle  fragment  indicates  that 
the  angle  was  inflected.  The  coronoid  fossa  extends 
to  a point  ventral  to  the  posterior  root  of  dP4.  The 
horizontal  ramus  is  shallow  below  the  cheek  teeth 
and  in  the  region  of  the  diastema  posterior  to  the 
canine,  a feature  which  is  apparently  age-related. 
The  horizontal  ramus  is  relatively  deeper  in  the 
known  adult  specimens. 

I prepared  the  right  dentary  fragment  of  UCMP 
123181  to  reveal  the  unerupted  permanent  denti- 
tion. M,  consists  of  protoconid  and  paraconid  only. 
Faint  notches  along  the  posterior  border  of  the  pro- 
toconid suggest  the  presence  of  metaconid  and  tal- 
onid  but  probably  would  be  obliterated  after  only  a 
little  wear.  A strong  vertical  ridge  extends  from  the 
base  to  the  apex  of  the  protoconid  on  its  lateral 
surface.  The  anterior  border  of  the  slightly  shorter 
paraconid  is  convex  anteriorly.  Only  the  bluntly 
pointed  apex  of  the  posterior  cusp  of  P4  remains. 
Both  the  P4  fragment  and  M,  closely  resemble  their 
counterparts  in  the  type  of  Eusmilus  bidentatus  Ger- 
vais  and  in  PU  11079,  which  Hatcher  (1895)  de- 
scribed as  the  type  of  E.  dakotensis,  in  morphology 
if  not  in  size.  Progressive  reduction  of  the  posterior 
cusps  of  M,  appears  to  have  been  a trend  common 
both  to  later  North  American  hoplophonines  and 
to  Eusmilus  ( sensu  stricto). 

Roots  of  the  deciduous  teeth  indicate  the  presence 
of  dP3  and  dP4.  Proportions  of  the  crowns  cannot 


be  inferred  from  UCMP  123181,  but  these  teeth  are 
present  in  the  juvenile  right  dentary  (LACM  5465) 
which  Macdonald  (1970)  referred  to  Ekg- 
moiteptecela  olsontau.  Preservation  of  LACM  5465 
is  poor,  but  it  does  retain  a small,  very  much  worn 
dP3  which  overlaps  labially  the  high  and  less  worn 
blade  of  dP4.  The  dP4  is  partly  displaced  upward  by 
the  eruption  of  M,  from  below  and  posterior  to  it. 
In  most  carnivores  the  permanent  camassial  emerges 
almost  directly  posterior  to  the  deciduous  carnas- 
sial,  but  reduction  of  the  cheek  tooth  dentition  in 
Eusmilus  cerebralis  appears  to  have  been  accom- 
panied by  crowding  of  the  remaining  teeth,  both 
deciduous  and  permanent. 

Roots  of  the  canines  and  incisors  in  UCMP  123181 
are  visible  in  a fragment  of  the  dentary  symphysis. 
The  permanent  canine  can  be  seen  in  cross  section 
where  the  dentary  is  broken,  through  the  diastema 
region.  A small,  narrow  root  of  the  deciduous  canine 
remains  in  the  alveolus.  Whether  the  incisor  roots 
are  those  of  the  deciduous  or  permanent  teeth  is 
impossible  to  determine,  so  I will  simply  refer  to 
them  as  I,,  I2,  and  I3  for  convenience.  The  root  of 
I3  lies  directly  anteromedial  to  the  deciduous  canine 
root;  it  is  small  and  circular  in  section.  Medial  to  it 
is  the  root  of  I2,  largest  of  the  incisors.  Anteromedial 
to  I2  is  the  root  of  Il5  a fragile  structure  which  lies 
in  the  symphysis  and  is  the  smallest  of  the  anterior 
teeth. 

Atlas.  — The  left  side  of  the  atlas,  lacking  most  of 
the  wing,  is  preserved  in  the  adult  specimen,  UCMP 
1 23 1 80.  The  prezygapophysis  is  deeply  concave;  the 
postzygapophysis  is  quite  flat  and  lies  at  about  50° 
to  the  sagittal  plane.  Remains  of  the  wing  suggest 
that  it  was  thin  anteriorly  and  thicker  posteriorly 
where  it  contained  the  intervertebral  canal.  Whether 
the  wing  had  a posterolateral  spine  as  in  Smilodon 
cannot  be  determined.  In  the  juvenile  (UCMP 
123181)  the  atlas  is  complete.  The  wings  are  small, 
with  rounded  borders  and  no  suggestion  of  a spine. 
In  this  specimen  the  ventral  arch  of  the  atlas  is  short 
anteroposteriorly  (4.3  mm)  and  the  dorsal  arch  is 
long  (10.3  mm). 

Ax  A.  —Only  the  juvenile  (UCMP  123181)  axis  is 
preserved.  There  is  a short,  thick  spine,  and  the 
prezygapophyses  lie  at  about  50°  to  the  sagittal  plane. 
The  anterior  face  of  the  axis  thus  appears  flatter  in 
dorsal  view  than  is  usual  in  felines,  in  which  the 
angle  of  the  prezygapophyses  is  about  35°  to  the 
sagittal  plane. 

Cervical  vertebrae.  — In  the  adult  (UCMP  123180) 
the  known  cervical  vertebrae  (4-7)  each  have  a strong 


166 


SPECIAL  PUBLICATION  CARNEGIE  MUSEUM  OF  NATURAL  HISTORY 


NO.  9 


Table  3.—  Measurements  and  proportions  of  the  sacrum  (in  mm). 


Species  and  museum  no. 

(A)  Trans, 
dia.  of  ant. 
centrum 

(B)  Trans, 
dia.  of  post, 
centrum 

A/B 

Felis  (Lynx)  canadensis 
(UCMP  58547) 

17.6 

8.3 

2.12 

Eusmilus  cerebralis 
(UCMP  123180) 

15.3 

8.8 

1.74 

Felis  concolor 
(UCMP  47164) 

31.9 

20.7 

1.54 

anteroposterior  ridge  along  the  ventral  midline.  The 
centra  are  not  as  steeply  inclined  anteriorly  as  in 
felines.  In  the  juvenile  (UCMP  123181),  short  neu- 
ral spines  on  the  third  through  the  sixth  cervical 
vertebrae  fit  into  a notch  on  the  neural  arch  of  the 
preceding  vertebra.  The  cervical  series  is  preserved 
in  tightly  interlocked  articulation. 

Thoracic  vertebrae.  — Thoracic  vertebrae  of  the 
adult  (UCMP  123180)  are  represented  only  by  the 
centra.  The  anterior  thoracics  seem  disproportion- 
ately small  for  so  robust  an  animal;  the  posterior 
thoracics  are  larger.  The  juvenile  (UCMP  123181) 
thoracic  vertebrae  have  wide,  heavy  transverse  pro- 
cesses. The  neural  arches  are  low,  and  the  neural 
spines  on  the  posterior  thoracics  are  very  strongly 
swept  back. 

Lumbar  vertebrae.  — Lumbar  vertebrae  of  the  adult 
(UCMP  123180)  are  large  and  robust,  and  appear 
to  have  had  strong  transverse  processes  and  neural 
spines.  The  only  lumbar  vertebra  referable  to  the 
juvenile  specimen  (UCMP  123181),  probably  the 
second,  is  slightly  longer  than  the  last  thoracic  but 
much  shorter  proportionately  than  the  same  ver- 
tebra in  the  adult.  A great  deal  of  elongation  in  the 
lumbar  region  must  have  occurred  during  matura- 
tion in  these  animals. 

In  the  adult  specimen  (UCMP  123180)  the  cer- 
vical and  thoracic  vertebrae  have  barely  fused 
epiphyses;  those  on  the  lumbar  vertebrae  are  much 
more  strongly  integrated.  None  of  the  vertebral 
epiphyses  in  the  juvenile  specimen  (UCMP  123181) 
is  fused  with  the  centrum,  and  several  rib  fragments 
adhere  to  the  thoracic  vertebrae. 

Sacrum.  — The  sacrum  of  the  adult  (UCMP 
123180)  consists  of  three  fused  vertebrae.  Contact 
with  the  ilium  was  large  and  triangular.  The  sacrum 
narrows  abruptly  toward  the  tail  and  is  downcurved 
posteriorly.  Comparison  of  measurements  of  this 
element  (Table  3)  with  those  of  the  sacrum  of  Felis 
concolor  (\JCMP  47 164),  a long-tailed  cat,  and  Felis 


(Lynx)  rufa  (UCMP  58547),  a short-tailed  cat,  was 
not  helpful  in  estimating  tail  length  of  Eusmilus 
cerebralis. 

Sternum.—  Two  sternum  fragments,  the  manu- 
brium and  a piece  of  the  mesosternum,  appear  to 
belong  to  the  adult  animal  (UCMP  123180).  They 
seem  robust  for  a cat  of  this  size.  The  manubrium 
is  keeled  along  its  dorsal  midline,  rugose  on  the 
ventral  surface,  deep,  and  bluntly  rounded  ante- 
riorly. The  fragment  of  mesosternum  is  deeply 
grooved  along  its  dorsal  midline  and  roughly  square 
in  cross  section. 

Scapula.  — Only  the  glenoid  regions  of  the  scap- 
ulae are  preserved.  In  the  adult  (UCMP  1231 80)  the 
glenoid  fossa  is  kidney-shaped  and  moderately  deep. 
The  coracoid  process,  though  broken,  appears  to 
have  been  large.  The  acromion  is  missing;  the  spine 
extends  to  within  1 0 mm  of  the  border  of  the  glenoid 
fossa. 

In  the  juvenile  (UCMP  123181)  the  glenoid  fossae 
are  shallower  and  narrower  than  in  the  adult.  More 
of  the  spine  is  preserved  in  the  juvenile  specimen, 
suggesting  that  there  was  a prominent  acromion 
which  extended  at  least  as  far  ventrally  as  the  glenoid 
border. 

Humerus.  — Not  enough  of  the  humerus  remains 
to  allow  any  estimate  of  its  total  length  in  the  adult 
animal  (UCMP  123180).  The  proximal  end  has  a 
large,  round  head  separated  from  the  pointed  greater 
tuberosity  by  a narrow  bicipital  groove.  A robust 
lesser  tuberosity  provided  a large  area  of  insertion 
for  the  M.  subscapularis.  Extending  distally  from 
the  greater  tuberosity  is  a strong  deltoid  crest,  which, 
together  with  the  large  acromion,  is  indicative  of  a 
large  and  powerful  deltoid  muscle. 

The  distal  end  of  the  humerus  (Fig.  3)  is  wide  and 
anteroposteriorly  flattened.  A shallow,  open  groove 
separates  the  small  capitulum  from  the  steeply  in- 
clined trochlea.  Low  on  the  distal  end  is  a very  large 
entepicondylar  foramen.  The  olecranon  fossa  is  wide, 
shallow,  and  low. 

In  the  juvenile  specimen  (UCMP  123181)  the 
slender  shaft  of  the  humerus  is  extremely  thin-walled. 
As  in  the  adult  specimen  the  distal  end  is  much 
flattened  anteroposteriorly  and  has  a large  entepi- 
condylar foramen;  the  proximal  end  of  the  humerus 
resembles  that  of  the  adult,  but  comparison  is  dif- 
ficult because  of  poor  preservation  of  the  epiphysis. 

Ulna.  — Only  the  proximal  end  of  the  left  ulna 
(Fig.  4)  is  preserved  in  the  adult  specimen  (UCMP 
123180).  The  high  olecranon  process  is  narrow  at 
its  anterior  border.  A rectangular,  rugose  area  con- 
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Fig.  3 .—Eusmilus  cerebralis,  UCMP  123180.  Right  distal  hu- 
merus, anterior  view.  Scale  bar  equals  1 cm. 

fined  to  the  proximal  surface  of  the  olecranon  in- 
dicates the  area  of  insertion  of  the  M.  triceps  brachii. 
A smooth,  teardrop-shaped  area  covers  the  poste- 
rior face  of  the  olecranon  process.  It  probably  was 
bounded  by  the  insertion  of  the  anconeus  muscle 
laterally,  and  medially  by  the  origin  of  the  M.  flexor 
carpi  ulnaris.  These  large  muscle  scars  are  not  de- 
veloped on  the  proximal  ulna  fragment  of  the  ju- 
venile specimen  (UCMP  123181),  but  more  of  the 
semilunar  notch  is  preserved.  It  curves  across  the 
anterior  face  of  the  ulna,  its  proximal  end  protruding 
beyond  the  lateral  surface  of  the  bone,  its  distal  lip 
extending  beyond  the  medial  side.  A tiny  radial  facet 
is  formed  by  a distal  extension  of  the  semilunar 
notch  on  the  medial  surface. 

Radius.—  The  proximal  articular  surface  of  the 
radius  in  the  adult  animal  (UCMP  123180)  is  a 
nearly  featureless  oval.  The  distal  end  has  a strong 
styloid  process,  a diamond-shaped  ulnar  facet,  and 
two  shallow  grooves  for  the  tendons  of  the  forefoot 
extensors  on  its  cranial  face,  separated  by  a prom- 
inent dorsal  tubercle.  The  distal  articular  surface  is 
roughly  diamond-shaped  in  outline.  The  articular 
surface  for  the  scapholunar  is  not  extensive  and  is 
rather  flat.  Total  length  of  the  radius  cannot  be  es- 
timated. 

Pelvis.  — In  the  adult  specimen  (UCMP  123180) 
the  distance  between  acetabulum  and  sacroiliac 
junction  is  short,  so  that  the  acetabulum  would  have 
been  only  a little  below  the  sacrum.  The  acetabulum 
is  deep,  closed  medially  by  an  extremely  thin  wall 
of  bone.  Anterior  to  the  acetabulum,  and  at  about 
the  same  level  as  its  ventral  border,  is  a prominent 
tuberosity;  dorsal  to  this  tuberosity  is  a smaller  one. 
These  are  probably  for  the  origin  of  the  M.  rectus 
femoris,  which  acts  with  other  parts  of  the  quadri- 
ceps muscle  to  extend  the  knee.  In  the  juvenile 
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Fig.  4.  — Eusmilus  cerebralis,  UCMP  1 23 1 80.  Left  proximal  ulna, 
lateral  view.  Scale  bar  equals  1 cm. 

(UCMP  123181)  the  ilium  is  very  flat  but  has  a 
thickened  midline.  The  anterior  end  curves  slightly 
outward,  and  the  epiphysis  is  only  loosely  fused. 
The  ischium  is  low,  flattened  on  the  medial  side. 
The  dorsal  lip  of  the  acetabulum  projects  laterally 
well  over  the  ventral  rim.  There  is  a deep  acetabular 
notch.  What  is  probably  a small  ischial  spine  lies 
just  posterior  to  the  acetabulum;  ligaments  of  the 
hip  joint  attached  here. 

Femur.—  The  left  femur  (Fig.  5)  of  the  adult 
(UCMP  123180)  is  the  most  complete  limb  bone 
known  from  either  specimen,  lacking  only  a few 
millimeters  of  the  shaft.  The  greater  trochanter  is 
large,  anteroposteriorly  elongated,  and  separated 
from  the  head  by  a deep  groove.  The  lesser  tro- 
chanter is  prominent  and  lies  on  the  medial  surface 


Fig.  5 .—Eusmilus  cerebralis,  UCMP  123180.  Left  femur,  ante- 
rior view.  Scale  bar  equals  1 cm. 
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Fig.  6 .—Eusmilus  cerebralis,  UCMP  123180.  Left  distal  tibia, 
posterior  view.  Scale  bar  equals  1 cm. 

of  the  shaft.  In  most  living  carnivores  it  lies  more 
posteriorly.  Opposite  it,  on  the  lateral  surface  of  the 
shaft,  is  a prominent  ridge  extending  from  the  great- 
er trochanter  to  the  large  gluteal  tuberosity  or  third 
trochanter  (absent  in  felines)  where  the  gluteus  me- 
dius  and  part  of  the  gluteus  maximus  probably  in- 
serted. These  two  prominences  on  opposite  sides  of 
the  shaft  accentuate  its  anteroposterior  flattening. 

Both  the  medial  and  lateral  distal  condyles  are 
small  and  narrow.  The  narrow  intercondylar  fossa 
is  round  in  outline  at  its  distal  end,  and  the  patellar 
groove  is  wide  and  shallow. 

The  proximal  end  of  the  right  femur  of  the  ju- 
venile (UCMP  123181)  lacks  the  epiphyses  but  is 
generally  similar  to  that  of  the  adult.  Strong  greater 
and  lesser  trochanters  and  a gluteal  tuberosity  are 
present. 

Tibia.  — Subequal  lateral  and  medial  condyles,  only 
slightly  separated  from  each  other  by  a poorly  de- 
fined groove,  occupy  the  proximal  surface  of  the 


Fig.  1 .—Eusmilus  cerebralis.  UCMP  123180.  Left  calcaneum, 
anterior  view.  Scale  bar  equals  1 cm. 


adult  (UCMP  123180)  tibia.  The  fibular  facet  is  es- 
sentially an  overturned  continuation  of  the  postero- 
lateral border  of  the  lateral  condyle.  The  wide,  ru- 
gose cnemial  crest  does  not  project  far  anteriorly. 
The  shaft  of  the  tibia  is  transversely  flattened  and 
marked  by  two  sharp  crests;  one  is  the  distal  exten- 
sion of  the  cnemial  crest  and  curves  smoothly  to- 
ward the  medial  surface  of  the  bone,  where  it  dis- 
appears before  reaching  the  medial  malleolus.  A 
second  crest,  marking  the  line  of  attachment  to  the 
fibula,  extends  along  the  lateral  surface  (Fig.  6).  The 
distal  fibular  facet  is  small  and  essentially  contin- 
uous with  the  lateral  articular  surface  for  the  as- 
tragalus. The  medial  malleolus  is  large  and  extends 
distally  far  beyond  the  level  of  the  lateral  malleolus. 
It  probably  provided  a large  area  of  attachment  for 
the  deltoid  ligament,  which  extends  from  it  to  the 
dorsal  surface  of  the  tarsals.  The  distal  articular  sur- 
face of  the  tibia  is  distinctly  triangular  in  outline. 
The  grooves  of  the  astragalar  facet  are  so  shallow 
as  to  be  almost  flat.  The  distal  surface  slopes  proxi- 
mally  toward  the  lateral  side.  In  medial  view  the 
most  distal  centimeter  of  the  tibia  appears  “bent” 
posteriorly. 

I estimate  the  femorotibial  index  (tibia  length/ 
femur  length  x 100)  for  UCMP  123180  to  be  94.1. 
Gonyea  (1976)  found  that  felids  which  occupy  grass- 
lands or  open  woodland  have  a high  humeroradial 
index,  that  is,  one  appraoching  or  even  exceeding 
100,  but  apparently  a high  femorotibial  index  alone 
is  not  necessarily  evidence  of  adaptation  to  open 
habitat.  The  fragmentary  nature  of  the  forelimb 
bones  makes  calculation  or  estimation  of  the  hu- 
meroradial index  for  UCMP  123180  impossible. 
The  high  femorotibial  index  does,  however,  em- 
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Fig.  8.  — Reconstruction  of  the  skeleton  of  Eusmilus  cerebralis,  UCMP  123180.  Scale  bar  equals  5 cm. 


phasize  the  differences  in  limb  proportions  between 
Eusmilus  cerebralis  and  other  sabertooths  such  as 
Barbourofelis  and  Smilodon,  which  had  relatively 
short  distal  limb  segments. 

Astragalus.  — The  trochleae  of  the  adult  (UCMP 
123180)  astragalus  are  very  flat  and  separated  by  a 
wide,  shallow  groove.  The  medial  trochlea  would 
have  extended  proximally  across  the  medial  surface 
of  the  calcaneum.  The  deeply  excavated  articulation 
for  the  fibula  occupies  the  whole  medial  surface  of 
the  astragalus.  A tiny  astragalar  foramen  lies  be- 
tween the  trochleae  at  their  proximal  ends.  On  the 
posterior  surface  are  three  facets  for  articulation  with 
the  calcaneum;  a large,  nearly  vertical  lateral  facet, 
and  the  remnants  of  two  medial  facets.  It  is  apparent 
from  this  that  the  portion  of  the  sustentaculum  tali 
missing  from  the  calcaneum  is  extensive,  and  would 
have  borne  a second  astragalar  facet  on  its  medial 
extension  (see  description  of  the  calcaneum,  below). 


The  two  small  medial  calcanear  facets  on  the  as- 
tragalus are  oval  in  outline.  The  more  proximal  was 
apparently  much  the  smaller,  and  the  two  are  well 
separated.  Between  the  medial  and  lateral  facets  is 
a deep  groove  for  the  interosseus  ligament. 

Calcaneum.— The  left  calcaneum  (Fig.  7)  of  the 
adult  (UCMP  123180)  lacks  only  the  medial  exten- 
sion of  the  sustentaculum  tali.  The  proximal  end  of 
the  calcaneum  is  an  expanded  knob  of  bone.  The 
lateral  articulation  for  the  astragalus  is  narrow,  be- 
gins high  above  the  cuboid  facet,  and  extends  far  up 
the  shaft.  What  remains  of  the  medial  astragalar 
facet  is  also  well  separated  from  the  cuboid  facet. 
The  plane  of  the  cuboid  facet  lies  not  perpendicular 
to  the  axis  of  the  calcaneum  shaft  but  slants  proxi- 
mally toward  the  medial  side,  giving  the  distal  end 
of  the  calcaneum  a distinct  point  on  the  lateral  side. 
The  cuboid  facet  is  small  and  oval,  with  no  indi- 
cation of  a navicular  facet  medial  to  it. 
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A NEW  CUCKOO  AND  A CHACHALACA  FROM  THE  EARLY 

MIOCENE  OF  COLORADO 

Larry  D.  Martin  and  Robert  M.  Mengel 


ABSTRACT 


We  report  two  fossil  avian  species  from  the  early  Miocene 
(Marslandian)  of  Logan  County,  Colorado.  A terrestrial  cuckoo, 
represented  by  part  of  a tarsometatarsus,  coracoid,  and  carpo- 
metacarpus  is  described  and  named  Cursoricoccyx  (new  genus) 
geraldinae  (new  species),  and  assigned  to  the  Neomorphinae.  It 


appears  to  be  a close  relative  of  the  modem  road  runners  ( Geo- 
coccyx,).  In  age  it  antedates  all  known,  unequivocal  cuckoos  save 
Neococcyx  mccorquodalei  from  the  Oligocene  of  Saskatchewan. 
A partial  right  tibiotarsus  of  a chachalaca-like  cracid  is  reported 
and  discussed. 


INTRODUCTION 


Almost  20  years  ago,  Robert  W.  Wilson  described 
the  first  extensive  fauna  of  small  vertebrates  from 
the  early  Miocene  (Hemingfordian)  of  North  Amer- 
ica (Wilson,  1960).  This  fauna,  Martin  Canyon  A 
Local  Fauna,  is  still  incompletely  known.  Wilson 
restricted  his  efforts  to  the  rodents  and  insectivores; 
further  publications  are  available  on  the  crypto- 
branchid  salamanders  (Meszoely,  1966)  and  some 
of  the  mammals  (Galbreath,  1953;  Black,  1963; 
Dawson,  1965;  J.  E.  Martin,  1978;  Yatkola  and  Tan- 
ner, 1979).  The  only  reported  avifauna  that  is  close 
to  the  Martin  Canyon  A Local  Fauna  both  chrono- 
logically and  geographically  is  the  Flint  Hill  Local 
Fauna  in  the  Batesland  Formation  (Hemingfordian 
of  South  Dakota)  reported  by  Miller  (1944).  We 
have  begun  to  study  some  of  the  few  birds  thus  far 
found  in  the  Martin  Canyon  A Local  Fauna  and 
report  in  this  paper  on  a cuculiform  and  a galliform 
from  that  fauna. 

The  faunal  list  from  Martin  Canyon  A presently 
includes  the  following: 

Amphechinus  (hedgehog),  Plesiosorex  (insecti- 


vore);  Pseudotrimylus  roperi  (Wilson),  P.  compres- 
sus  (Wilson),  Angustidens  vireti  (Wilson),  and  Wil- 
sonsorex  conulatus  Martin  (shrews);  Mydecodon 
martini  Wilson,  Scalopoides  isodens  Wilson,  and 
Proscalops  (moles);  Oreolagus  wi/soni  Dawson 
(pika),  Hypolagusl  sp.  (rabbit);  Mesogaulus  panien- 
sis  Matthew  (mylagaulid);  Miospermophilus  bryanti 
Wilson  (ground  squirrel);  Sciurus ? sp.  (squirrels); 
Anchitheriomysl  sp.  (large  beaver),  Monosaulax  sp. 
(small  round-incisored  beaver):  Pseudotheridomys 
Hesperus  Wilson  (eomyid);  Proheteromys  cf.  mag- 
nus  Wood,  Mookomvs  cf.  formicorum  Wood,  and 
Florentiamysl  sp.  (heteromyids);  Plesiosminthus 
c/ivosus  Galbreath  and  Schaubeumvs  galbreathi 
Wilson  (sicistines);  Cynarctoides  arcidens  (Barbour 
and  Cook)  and  Tomarctus  (canids);  Amphicyonine 
sp.:  Parahippus  pawniensis  Gidley  (horse);  Brachy- 
potherium  americanus  Yatkola  and  Tanner  (rhi- 
noceros); Hesperhys  (peccary);  Merycochoerus  pro- 
prius  Loomis  and  M.  magnus  Loomis  (oreodonts); 
Oxydactylns  (camel):  and  Barbouromeryx  (primi- 
tive cervid). 


FAMILY  CUCULIDAE 


Three  partial  skeletal  elements  in  the  University 
of  Kansas  Museum  of  Natural  History,  Division  of 
Vertebrate  Paleontology  (KUVP),  a right  tarsometa- 
tarsus, a right  coracoid,  and  a left  carpometacarpus 
from  the  Martin  Canyon  A Local  Fauna  are  refer- 
able to  the  Cuculidae  and  are  of  a size  and  mor- 
phology compatible  with  conspecificity.  There  is  no 
way  to  determine  whether  they  represent  one,  two, 
or  three  individuals. 

The  tarsometatarsus  is  represented  by  only  the 
proximal  end,  but  it  shows  the  two  subequal  hy- 


potarsal  canals  characteristic  of  the  Cuculidae.  The 
coracoid  is  represented  by  the  humeral  end  with  the 
elongated,  strap-like  procoracoid  characteristic  of 
the  Cuculidae.  The  carpometacarpus  is  nearly  com- 
plete, except  that  the  distal  end  is  separated  by  a 
small  gap  without  contacts.  The  two  pieces  were 
found  in  direct  association  with  each  other.  The 
carpometacarpus  lacks  a metacarpal  process  bridg- 
ing the  intermetacarpal  space,  which  is  broad.  This 
is  not  so  apparent  in  Fig.  1 because  the  third  meta- 
carpal has  been  broken  and  bent  into  the  intermeta- 
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carpal  space,  but  the  correct  width  can  be  estimated 
by  looking  at  the  intermetacarpal  symphysis  on  the 
distal  end.  Metacarpal  III  extends  slightly  distal  to 
metacarpal  II  and  has  a smoothly  rounded  junction 
with  the  facet  for  digit  III. 

The  following  living  cuculids  (classification  of  Pe- 
ters, 1940)  were  used  in  the  comparisons:  Cuculi- 
na e— Cuculus  canorus,  Chalcites  malayanus.  [Ac- 
cording to  Parker’s  revision  (1981),  which  includes 
this  species  in  Chrysococcyx,  Cuculus  malayanus 
(Raffles)  1822  is  a junior  synonym  of  Cuculus  xan- 
thorhynchus  (Horsfield)  1 82 1 and  the  next  available 
name  is  Chrysococcyx  minutillus  Gould  (see  Peters, 
1940,  for  sources).]  Phaenicophaeinae— Coccyzus 
americanus,  Piaya  cay  ana-,  Crotophaginae— Cro- 
tophaga  sulcirostris-,  Neomorphinae—  Taper  a na- 
evia,  Morococcyx  erythropygius,  Geococcyx  califor- 
nianus,  G.  velox,  Dromococcyx  phasianellus,  Neo- 
morphus  geoffroyi',  Centropodinae—  Centropus 
bengalensis.  No  example  of  Coua  (sometimes  placed 
in  a subfamily  Couinae)  was  examined,  but  the  dif- 
ferences noted  of  Centropus,  in  whose  subfamily 
Coua  is  often  placed,  make  it  seem  unlikely  that  this 
presently  Madagascan  genus  has  any  relevance  to 
neomorphine  cuckoos. 

The  fossil  differs  from  the  Cuculinae  in  having 
the  procoracoid  slanting  anteriorly  and  very  narrow, 
and  the  carpometacarpus  with  metacarpal  III  more 
produced  distally.  (We  consider  the  homology  of 
digits  in  the  avian  manus  still  very  much  an  open 
matter  and  lean  toward  the  classic  numbering  I— II— 
III;  this  also  accords  with  the  now  classic  termi- 
nology of  Howard  [1929]  which  we  follow.)  The 
Centropodinae  have  tarsometatarsi  with  wider 
proximal  ends,  and  shallow,  narrow-rimmed  ante- 
rior metatarsal  grooves.  They  also  have  very  broad 
procoracoids.  Compared  with  the  fossil,  the  Cro- 
tophaginae have  the  anterior  metatarsal  groove  on 
the  tarsometatarsus  deeper,  broader,  and  more  nar- 
rowly rimmed,  with  the  papilla  for  M.  tibialis  an- 
ticus  indistinct,  being  situated  far  proximally  and 
laterally.  In  the  carpometacarpus,  the  intermetacar- 
pal space  is  broader  than  in  the  fossil.  The  furcular 
facet  of  the  crotophagine  coracoid  slants  more  an- 
teriorly and  the  procoracoid  is  broader.  The  Phaen- 
icophaeinae are  also  unlike  the  fossil,  having  the 
medial  hypotarsal  canal  much  larger  than  the  lateral 
one,  and  the  anterior  metatarsal  groove  shallower, 
broader,  and  more  excavated  proximally.  The  pa- 
pilla of  M.  tibialis  anticus  is  on  the  medial  side.  The 
procoracoid  is  broad  (narrower  in  the  fossil).  The 
fossil  resembles  Geococcyx  of  the  Neomorphinae  in 


having  the  anterior  metatarsal  depression  relatively 
shallow  and  narrow,  with  the  lateral  edge  thick,  and 
the  hypotarsal  canals  of  about  the  same  relative  size. 
Both  the  fossil  and  Geococcyx  have  the  furcular  facet 
inclined  posteriorly  (differing  in  this  respect  from 
all  other  cuckoos  used  in  the  comparisons  except 
for  Neomorphus  geoffroyi). 

It  therefore  seems  clear  that  the  fossil  is  referable 
to  the  Neomorphinae  and  is  rather  closely  related 
to  the  living  roadrunners.  Geococcyx.  For  the  fossil 
we  propose  a new  genus: 

Cursoricoccyx,  new  genus 

Genotypic  species.  — Cursoricoccyx  geraldinae  new 
species. 

Diagnosis.  — Hypotarsus  joined  to  the  lateral  co- 
tyla  at  almost  a right  angle  (curved  in  Geococcyx)-, 
hypotarsal  canals  relatively  small;  coracoid  with 
triossial  canal  relatively  narrower  than  in  Geococcyx 
and  its  brachial  tuberosity  not  as  extended  medially; 
on  the  carpometacarpus,  metacarpal  III  flat  and 
broad  but  not  so  semilunate  as  in  Geococcyx-,  lateral 
internal  carpal  trochlea  much  more  distal  than  the 
internal  carpal  trochlea  (nearly  at  the  same  level  in 
Geococcyx).  Tarsometatarsus  with  external  cotyla 
relatively  larger  and  postero-lateral  edge  of  proximal 
end  less  flattened  than  in  Taper  a.  Tarsometatarsus 
in  Neomorphus  geoffroyi  unlike  that  of  Cursoricoc- 
cyx in  having  large,  penetrating  proximal  foramina, 
a broader  anterior  metatarsal  groove  (its  proximal 
end  in  fact  proportionally  broader  than  in  Cursori- 
coccyx), and  the  proximal  end  of  the  posterior  meta- 
tarsal groove  more  deeply  excavated  medial  to  the 
hypotarsus;  furcular  facet  of  the  coracoid  extends 
farther  from  the  shaft  in  Neomorphus  geoffroyi  than 
in  Cursoricoccyx.  Tarsometatarsus  also  broader 
proximally  in  Dromococcyx  phasianellus  than  in 
Cursoricoccyx,  and  more  deeply  excavated  medial 
to  the  hypotarsus;  last  character  shared  by  Moro- 
coccyx erythropygius,  which  also  differs  from  Cur- 
soricoccyx in  having  the  furcular  facet  projecting 
forward.  Carpometacarpus  seems  relatively  longer 
than  in  Neomorphus  geoffroyi,  Dromococcyx  phasi- 
anellus, and  Morococcyx. 

Cursoricoccyx  geraldinae,  new  species 
Figs.  1,  2 

Holotype.  — Proximal  end  of  a right  tarsometatar- 
sus, KUVP  no.  25629,  Fig.  2,  B-F. 

Type  locality  and  horizon.  — Martin  Canyon  Lo- 
cal Fauna,  Quarry  A,  in  the  NE  '/»  sec.  27,  T1  IN, 
R53W,  Logan  County,  Colorado.  The  horizon  is  in 


Fig.  1 . — Cursoricoccyx geraldinae,  A-F.  Left  carpometacarpus,  KUVP  25631,  internal,  external,  anterior,  posterior,  proximal,  and  distal 
views.  Cracid,  genus  and  species  indeterminate,  G-K.  Distal  end  of  right  tibiotarsus,  KUVP  9901,  distal,  anterior,  posterior,  lateral, 
and  medial  views.  Bars  = approximately  5 mm. 
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the  Pawnee  Creek  Formation  (Marslandian;  early 
Miocene). 

Diagnosis.  — As  for  the  genus. 

Description.— A cuculid  slightly  smaller  than  liv- 
ing Geococcyx  velox.  The  proximal  end  of  the  tar- 
sometatarsus  is  damaged  in  the  area  of  the  proximal 
foramina,  which,  however,  were  evidently  situated 
proximally,  almost  centered  on  the  shaft,  and  very 
close  together.  The  anterior  metatarsal  groove  ex- 
tends farther  proximally  than  in  Geococcyx,  and  is 
shallower  than  in  Crotophaga.  The  anterior  meta- 
tarsal groove  is  shallow  and  made  narrow  by  the 
thickened  lateral  margin  of  the  shaft  (also  found  in 
Geococcyx  but  not  in  most  other  cuculids).  The 
proximal  ligamental  attachment  is  not  as  prominent 
as  in  Gcococcyx  and  the  intercotylar  prominence  is 
broad  and  occupies  almost  all  of  the  intercotylar 
area,  although  it  is  not  as  large  and  blunt  as  it  is  in 
Crotophaga.  The  internal  cotyla  is  more  rounded 
than  in  Geococcyx  and  the  anterior  margin  of  the 
external  cotyla  is  straight  (not  extending  anteriorly 
as  in  Geococcyx).  Posterior  to  the  internal  cotyla  is 
a small  facet  which  is  elongated  from  side  to  side 
in  Cursoricoccyx  and  Geococcyx,  but  is  elongated 
from  front  to  back  in  most  other  cuculids.  The  hy- 
potarsis  in  Cursoricoccyx  is  not  as  excavated  me- 
dially as  in  Geococcyx. 

The  coracoid  (KUVP  no.  25630)  is  slender  and 
has  a long,  strap-like  procoracoid.  The  tip  of  the 
procoracoid  process  is  eroded  but  is  unlikely  to  have 
been  much  longer.  It  is  not  inclined  as  far  ventrally 
as  in  Geococcyx  but  is  similarly  inclined  anteriorly. 
The  furcular  facet  is  not  cupped  and  is  inclined  an- 
teriorly more  than  in  Geococcyx.  The  glenoid  facet 
is  narrow  and  blends  into  the  coraco-humeral  sur- 
face. The  area  of  the  furcular  facet  is  large  and  de- 
pressed. The  coraco-humeral  surface  is  not  as  curved 
dorsally  as  in  Geococcyx. 

The  carpometacarpus  (KUVP  no.  25631)  has  the 
minor  metacarpal  (III)  bowed  so  that  the  interme- 
tacarpal  space  is  relatively  broad.  This  is  masked 
by  a break  near  the  proximal  end  of  metacarpal  III, 
which  resulted  in  its  being  deformed  into  the  inter- 
metacarpal  space.  Metacarpal  III  is  broad  and 
grooved  on  its  internal  anterior  edge.  The  inter- 
metacarpal  tuberosity  is  not  readily  identifiable.  The 
internal  carpal  trochlea  is  much  more  distal  than 
the  proximal  one  (about  the  same  level  as  in  Geo- 
coccyx). The  process  of  the  alular  metacarpal  (I)  is 
narrower  and  more  triangular  in  Cursoricoccyx  than 
in  Geococcyx  and  is  turned  more  proximally.  The 
ligamental  attachment  of  the  pisiform  process  is  less 


developed  than  in  Geococcyx.  The  pollical  facet  of 
Cursoricoccyx  is  on  a prominent  knob  that  is  as  large 
as  the  process  of  metacarpal  I itself.  The  extension 
attachment  on  the  alular  metacarpal  is  small  and 
oval  (larger  than  in  Geococcyx).  The  internal  troch- 
lea on  the  proximal  end  is  not  rounded  as  in  Geo- 
coccyx and  the  external  ligamental  attachment  on 
the  proximal  end  is  very  large,  rounded,  and  cen- 
tered on  the  shaft  of  the  major  metacarpal  (II). 

The  facet  for  the  minor  digit  (III)  extends  slightly 
distal  to  the  facet  for  digit  II  as  it  does  in  Geococcyx. 
Facet  for  digit  II  shaped  much  as  in  G.  californianus 
but  more  rounded  posteriorly.  Metacarpal  III  pro- 
duced more  as  an  edge  from  the  facet  for  digit  III, 
which  it  enters  as  a smooth  curve  as  in  the  other 
roadrunners. 

Measurements.  — Holotype,  KUVP  25629,  prox- 
imal tarsometatarsus:  transverse  width,  5.4  mm; 
anteroposterior  diameter  of  external  cotyla,  3.7  mm, 
and  of  internal  cotyla,  3.0  mm.  Carpometacarpus 
(KUVP  25631),  greatest  width  of  distal  end  (across 
the  pisiform  process),  6.0  mm.  Coracoid  (KUVP 
25630),  height  of  humeral  end  above  scapular  facet, 
6.2  mm. 

Etymology.  — Adjectival  combining  form  derived  from  the  Lat- 
in noun  Cursor,  a runner,  plus  coccyx.  Latinized  form  of  the 
Greek  word  for  cuckoo.  The  modifying  specific  name  geraldinae 
honors  the  late  Geraldine  Lee  Wilson  (Mrs.  Robert  W.)  who  was 
pleased  and  amused  by  the  promise  of  this  recognition. 

Discussion.  — Cursoricoccyx  and  Neococcyx  are 
presently  the  only  cuculids  yet  described  from  the 
Tertiary  (see  Brodkorb,  1971).  The  oldest  known 
cuculid  is  Neococcyx  mccorquodalei  Weigel  (1963) 
from  the  lower  Oligocene  Cypress  Hills  Local  Fauna 
in  Saskatchewan,  Canada.  Brodkorb  (1971:204) 
placed  Neococcyx  in  his  subfamily  Coccygmae  (= 
Phaenicophaeinae  of  Peters,  1940:41,  and  this  pa- 
per). Reports  of  cuculids  from  the  Eocene  appear  to 
be  in  error.  These  include  Uintornis  Marsh  from  the 
middle  Eocene  of  Wyoming,  which  was  referred  to 
the  Cuculidae  by  Cracraft  and  Moroney  (1969)  fol- 
lowed by  Brodkorb  (1970;  1971).  Feduccia  and 
Martin  (1976)  argued  instead  that  Uintornis  was  a 
member  of  the  extinct  family  Primobucconidae, 
presently  placed  in  the  Piciformes.  Harrison  and 
Walker  (1977)  named  Parvicuculus  minor  from  the 
lower  Eocene  of  England  and  assigned  it  to  the  Cu- 
culidae. Olson  and  Feduccia  (1979)  later  assigned 
this  taxon  to  the  Primobucconidae.  While  we  would 
agree  that  Parvicuculus  is  not  a cuculid,  examination 
of  the  holotype  by  L.  Martin  revealed  that  the  troch- 


Fig.  2 . — Geococcyx  californianus,  A.  Proximal  view  of  right  tarsometatarsus.  Cursoricoccyx  geraldinae,  B-F.  Proximal  end  of  right 
tarsometatarsus,  KUVP  25629  (holotype),  proximal,  anterior,  medial,  lateral,  and  posterior  views;  G-J,  humeral  end  of  right  coracoid, 
KUVP  25630,  dorsal,  distal,  medial,  lateral,  and  ventral  views.  Geococcyx  californianus,  K.  Humeral  end  of  right  coracoid,  ventral 
view.  Coccyzus  americanus,  L.  Humeral  end  of  right  coracoid,  ventral  view.  Bars  = approximately  5 mm. 


leae  are  not  nearly  in  a straight  line  as  in  the  pri- 
mobucconids,  which  have  the  middle  trochlea  only 
a little  produced  anteriorly.  It  also  differs  from  the 
primobucconids  in  having  the  outer  trochlea  small, 
not  deeply  grooved  and  not  turned  medially,  and  it 
does  not  have  a posteriorly  projecting  flange.  Nei- 


ther does  it  have  two  enclosed  tendinal  canals  in  the 
hypotarsus  as  do  all  of  the  Cuculidae  we  have  ex- 
amined. Martin  does  not  think  that  it  is  a primobuc- 
conid,  although  assignment  to  the  Coraciiformes 
would  not  be  unlikely.  We  agree  with  Olson  and 
Feduccia’s  (1979)  statement  that  Procuculus  mi- 
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nutus  Harrison  and  Walker  cannot  be  assigned  either 
to  the  Cuculidae  or  the  Primobucconidae. 

The  only  other  extinct  neomorphine  cuculid  yet 
described  is  Geococcyx  conklingi  Howard  from  the 
late  Pleistocene  of  New  Mexico  and  Mexico.  It  is 

FAMILY 

A distal  right  tibiotarsus  from  the  Martin  Canyon 
A Local  Fauna  appears  to  be  cracid  but  differs  from 
all  previously  known  species  of  the  family  repre- 
sented by  the  tibiotarsus,  Fig.  1 , G-K. 

Cracidae,  genus,  and  species  indeterminate 

Material.  — Distal  end  of  right  tibiotarsus,  KUVP  no.  9901. 

Locality  and  horizon.  — Martin  Canyon  Local 
Fauna,  Quarry  A,  in  the  NE  lA  sec.  27,  T1  IN,  R53W, 
Logan  County,  Colorado;  Pawnee  Creek  Formation 
(Marslandian;  early  Miocene). 

Description.  — The  right  tibiotarsus  of  a cracid 
about  the  size  of  living  Ortalis  vetula  (Wagler),  or 
slightly  smaller,  but  with  the  distal  end  compressed, 
the  tendinal  groove  narrower,  and  the  supratendinal 
bridge  narrower  than  in  the  Recent  species.  Resem- 
bles Boreortalis  Brodkorb  and  differs  from  all  other 
cracids  for  which  the  tibiotarsus  is  known  in  having 
the  external  condyle  extending  less  abruptly  forward 
from  the  shaft.  Smaller  than  B.  laesslei  Brodkorb 
and  B.  pollocaris  (Miller)  and  larger  than  B.  tedfordi 
(Miller),  B.  tantala  (Wetmore),  and  B.  phengites 
(Wetmore).  The  groove  for  M.  peroneus  profundus 
is  well  defined  and  lateral.  The  tubercle  on  the  su- 
pratendinal bridge  is  more  lateral  than  in  B.  laesslei. 
The  distal  margin  of  the  anterior  intercotylar  fossa 
bears  a small,  deep  pit  in  Ortalis,  which  is  not  well 
defined  in  the  present  fossil  or  in  B.  laesslei.  In  the 
present  fossil  the  internal  condyle  is  less  rounded 
and  relatively  thicker  than  in  Ortalis,  and  its  pos- 
terior intercondylar  sulcus  grades  less  abruptly  to 
the  shaft  than  in  Ortalis. 


distinctly  larger  than  Geococcyx  californianus,  but 
is  otherwise  similar  to  it  (Howard,  1931)  and  does 
not  warrant  detailed  comparison  with  Cursoricoc- 
cyx. 


CRACIDAE 

Measurements.  — KUVP  9901,  distal  end  of  tibio- 
tarsus: transverse  width,  8.2  mm;  anteroposterior 
width,  8.4  mm. 

Discussion.  — Boreortalis  laesslei  is  probably  close 
to  the  same  age  as  the  Martin  Canyon  A specimen. 
Although  it  differs  from  the  latter  in  several  im- 
portant characters,  the  shape  of  the  external  condyle 
suggests  that  they  might  be  placed  in  the  same  genus. 
In  B.  tantala  this  feature  is  not  so  evident  and  as- 
signment of  that  form  to  this  genus  is  not  certain 
(Brodkorb,  1954:181).  Additional  material  of  B. 
laesslei  apparently  has  been  found  (Brodkorb,  1964), 
but  until  it  is  described  the  generic  assignment  of 
Tertiary  cracids  not  represented  by  tibiotarsi  must 
be  regarded  as  tentative. 

The  usefulness  of  the  tibiotarsus  in  paleo-orni- 
thology  varies  among  taxonomic  groups  and  the  es- 
timation of  its  over-all  value  from  one  worker  to 
another.  David  W.  Steadman  (pers.  comm.)  actually 
hates  them. 

A particular  problem  with  galliforms  is  that  their 
early  history  has  not  been  worked  out.  Many  of  the 
characters  we  now  think  of  as  characterizing  cracids 
may  in  fact  simply  be  primitive  galliform  features, 
which  have  persisted  in  modern  cracids  but  which 
may  also  have  been  present  in  other  galliforms  in 
the  Tertiary. 

Cracids  today  are  Neotropical  birds.  A fairly  large 
number  of  presumed  cracids  has  been  described  from 
North  America  throughout  the  Tertiary  and  this  is 
probably  a reflection  of  the  generally  subtropical 
conditions  that  extended  into  very  high  latitudes 
during  much  of  that  time  (Schultz  et  ah,  1975). 
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A NEW  SPECIES  OF  XENACANTHODII 
(CHONDRICHTHYES,  ELASMOBRANCHII)  FROM  THE  LATE 
PENNSYLVANIAN  OF  NEBRASKA 

Gary  D.  Johnson 


ABSTRACT 


Isolated  teeth  from  an  unnamed  sandstone  in  the  Towle  Shale 
Formation,  Late  Pennsylvanian,  Virgilian  (Stephanian  B or  C) 
of  southeastern  Nebraska  comprise  a new  species  of  xenacan- 
thodiid  shark,  Xenacanthus ? nebraskensis.  Generic  characters 
include  an  apical  button  that  is  not  isolated  from  the  principal 
cusps.  These  cusps  bear  multiple  cristae  and  their  distal  ends  are 
cylindrical  rather  than  compressed.  The  angle  between  the  major 
transverse  axis  of  the  proximal  portion  of  the  principal  cusps  and 


labial  root  margin  is  high.  Differences  from  other  species  of  Xen- 
acanthus include  the  presence  of  cristae  on  the  intermediate  cusp 
with  a pattern  similar  to  that  on  the  principal  cusps;  the  inter- 
mediate cusp  is  proximally  compressed;  and  the  cristae  extend 
onto  the  labial  margin  of  the  root.  This  species  may  belong  to 
the  Middle  Paleozoic  genus  Thrinacodus,  which  possesses  a cris- 
tated  intermediate  cusp;  the  position  of  the  apical  button  is  pres- 
ently unknown  for  Thrinacodus. 


INTRODUCTION 


Xenacanthodiid  sharks  are  known  from  the  Late 
Devonian  through  the  Late  Triassic  (Johnson,  1979, 
1980),  principally  from  isolated  teeth  and  cephalic 
spines.  Orthacanthus  and  Xenacanthus  are  known 
from  skeletal  remains  as  well  (Fritsch,  1889,  1895; 
Johnson,  1979).  I regard  only  one  other  genus,  Thri- 
nacodus, known  from  a few  isolated  teeth  of  Late 
Devonian  and  Mississippian  age,  as  a valid  taxon. 
Other  unnamed  genera,  also  known  from  isolated 
teeth,  may  have  existed  (Johnson,  1979);  one  was  a 
contemporary  of  Thrinacodus,  and  two  others  may 
have  been  intermediate  between  these  early  genera 
and  Orthacanthus  and  Xenacanthus  which  appeared 
later. 

All  xenacanthodiid  teeth  consist  of  a single  root 
bearing  a single  apical  button  situated  on  the  lingual 
side  of  the  oral  surface  and  a single  tubercle  situated 
on  the  labial  side  of  the  aboral  (=basal)  surface.  The 
crown  consists  of  two  principal  cusps  protruding 
from  the  labial  margin  of  the  oral  surface.  One  or 
more  smaller  cusps  may  occur  between  the  principal 
cusps.  See  Hotton  (1952)  for  a description  of  the 
mode  of  tooth  replacement,  which  is  most  likely 
similar  to  that  of  modern  elasmobranchs.  The  terms 
root  and  crown  are  used  here  in  a loose  sense,  for 
convenience,  since  strictly  speaking  they  occur  only 
in  mammalian  teeth  (Peyer,  1968:13-14). 

The  three  named  genera  can  be  distinguished  by 
differences  in  tooth  morphology  that  are  discussed 
at  length  in  my  review  of  the  Xenacanthodii  (John- 
son, 1979).  Briefly,  Orthacanthus  teeth  have  an  api- 
cal button  isolated  from  the  principal  cusps,  which 
are  compressed  throughout  their  length;  these  cusps 


are  smooth  (without  cristae)  and  usually  carinated, 
and  the  carinae  may  be  serrated;  the  major  trans- 
verse axis  of  the  proximal  portion  of  the  principal 
cusps  (as  seen  in  cross-section)  forms  a relatively 
low  angle  with  the  labial  margin  of  the  root;  a vari- 
able number  of  intermediate  cusps  may  be  present; 
species  assigned  to  this  genus  display  considerable 
heterodonty  in  their  dentitions.  In  Xenacanthus  teeth 
the  apical  button  is  not  isolated,  but  extends  be- 
tween the  principal  cusps;  the  distal  ends  of  these 
cusps  are  more  or  less  cylindrical  and  bear  multiple 
cristae;  the  angle  between  the  major  transverse  axis 
of  the  proximal  portion  of  the  principal  cusps  and 
labial  root  margin  is  relatively  high;  a single,  usually 
smooth  intermediate  cusp  may  be  present  (absent 
in  one  species);  species  assigned  to  this  genus  have 
essentially  homodont  dentitions.  Some  species  I 
provisionally  assigned  to  Xenacanthus  allegedly  have 
smooth  cusps;  however,  there  is  reason  to  believe 
that  this  may  not  be  a valid  character  (Johnson, 
1979,  1980).  If  it  is  a valid  character,  then  these 
species  may  represent  another  unnamed  genus. 

I have  assumed  Thrinacodus  to  be  a valid  genus 
based  only  on  a review  of  the  literature  (Johnson, 
1979).  Not  all  of  the  characters  that  might  be  used 
to  distinguish  it  from  other  genera  have  been  ade- 
quately described.  St.  John  and  Worthen  (1875)  de- 
scribed the  principal  and  intermediate  cusps  of  T. 
nanus  as  acutely  pointed,  so  presumably  they  were 
more  cylindrical  than  compressed,  as  in  Xenacan- 
thus. The  major  transverse  axis  of  the  proximal  end 
of  the  principal  cusps  appears  to  be  at  a distinct 
angle  to  the  labial  margin  of  the  root.  The  enlarged 
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intermediate  cusp  is  cristate.  Unfortunately,  the  po- 
sition of  the  apical  button  is  unknown  to  me.  The 
view  of  “ Diplodus”  incurvus  given  by  Newberry  and 
Worthen  (1866,  PI.  4,  fig.  4a)  shows  what  may  be 
the  apical  button  at  the  lingual  end  of  the  root,  well 
isolated  from  the  cusps.  Since  St.  John  and  Worthen 
(1875)  incorporated  this  species  into  Thrinacodus, 
then  it  might  be  assumed  that  T.  nanus  also  pos- 
sessed an  isolated  apical  button.  However,  exami- 
nation of  21  specimens  from  the  St.  John/Springer 
Collection  (National  Museum  of  Natural  History, 
NMNH  14897,  14909,  and  15622)  assigned  to  D. 
incurvus  shows  that  they  are  not  xenacanthodiid 
teeth.  They  very  closely  resemble  Newberry  and 
Worthen’s  (1866)  illustration.  They  will  be  dis- 
cussed in  a future  publication.  Since  the  presence  of 
an  isolated  apical  button  is  unlike  the  situation  in 
Xenacanthus  species,  then  Thrinacodus  may  be  a 
valid  taxon.  The  most  important  feature  of  Thri- 
nacodus, in  view  of  its  geologic  age,  is  the  combi- 


nation of  a single  apical  button  and  basal  tubercle 
with  a cristate  intermediate  cusp.  In  slightly  older 
species  of  the  form  genus  Phoebodus,  the  apical  but- 
ton and  basal  tubercle  are  elongate  and  appear  to 
have  developed  from  the  fusion  of  paired  structures, 
which  occur  on  cladodont  teeth  of  similar  age  (all 
of  these  teeth  have  cristate  cusps;  see  Eastman,  1 899; 
Johnson,  1979). 

The  descriptive  terminology  used  here  is  dis- 
cussed elsewhere  (Johnson,  1979;  Hotton,  1952); 
the  central  foramen  is  an  enlarged  opening  that  oc- 
curs between  the  principal  cusps  in  many  xenacan- 
thodiid species.  The  method  used  to  measure  the 
teeth  described  below,  and  the  reliability  of  these 
measurements  are  described  elsewhere  (Johnson, 
1979).  The  anteromedial-posterolateral  (am-pl)  and 
labio-lingual  (1-1)  dimensions  (length  and  width,  re- 
spectively) are  shown  in  Fig.  1.  The  abbreviation 
am/pl  is  used  to  denote  both  the  am  and  pi  margins 
of  the  teeth,  since  they  cannot  be  differentiated. 
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SYSTEMATIC  ACCOUNT 


Class  Chondrichthyes 
Subclass  Elasmobranchii 
Order  Xenacanthodii  (=Pleuracanthodii) 
Family  Xenacanthidae  Fritsch,  1889 

Xenacanthus  Beyrich,  1848 
Xenacanthusl  nebraskensis,  new  species 
(Figs.  1-14) 

Holotype.  — TMM  41647-328,  isolated  tooth. 

Paratypes.- TMM  41647-20,  -21;  TMM  41647- 
323-41647-327;  TMM  41648-136-41648-140;  all 
are  isolated  teeth. 

Hypodigm  — Holotype,  paratypes  and  TMM  41647-22  (178 
isolated  teeth  from  Site  2)  and  TMM  41648-14,  -141  (59  isolated 
teeth  from  Site  3). 

Repository.  —Texas  Memorial  Museum,  University  of  Texas, 
Austin  (TMM). 

Etymology.—  Named  for  the  state  of  Nebraska. 

Locality.— -Ossian’s  (1974)  Peru  locality,  Sites  2 
and  3,  south  of  Peru,  Nemaha  County,  Nebraska. 


Age.  — An  unnamed  sandstone  in  the  Towle  Shale 
Formation;  Late  Pennsylvanian,  Virgilian  (Ste- 
phanian  B or  C). 

Diagnosis.  — Labio-lingual  and  anteromedial- 
posterolateral  root  dimensions  nearly  equal.  Prom- 
inent apical  button  separate  from  lingual  margin  but 
in  contact  with  the  intermediate  cusp;  central  fo- 
ramen absent.  Basal  tubercle  with  distinct  labial 
margin,  otherwise  subdued,  with  a concave  to  flat 
articular  surface.  Principal  cusps  cylindrical,  but 
compressed  proximally,  slightly  divergent  apically, 
sometimes  recurved  lingually.  Cristae  prominent, 
with  six  primary  ones  per  cusp,  usually  extending 
full  length  of  the  cusps  and  onto  the  labial  margin 
of  the  root;  most  originate  at  the  distal  end  of  the 
cusps,  curving  only  slightly  on  the  labial  margin,  the 
pattern  often  becoming  random  near  the  labial  mar- 
gin of  the  root;  usually  absent  from  lingual  margin, 
but  accompanied  by  shorter  secondary  cristae.  Sin- 
gle, relatively  large  intermediate  cusp  always  pres- 
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Fig.  1 . — Root  sketches  of  Xenacanthus!  nebraskensis,  new  species, 
teeth  from  Site  3 of  the  Peru  local  fauna.  Dimensional  terms 
explained  in  text.  Scale  bar  represents  1 mm. 


ent;  it  is  cylindrical,  but  with  proximal  region  dis- 
tinctly compressed  in  anteromedial-posterolateral 
direction;  cristate,  with  pattern  similar  to  that  of 
principal  cusps. 

Description.  — The  mean  am-pl  length  of  the  root 
is  slightly  greater  than  the  mean  1-1  width  (Fig.  2). 
The  apical  button  is  always  in  contact  with  the  in- 
termediate cusp  (Figs.  3-14).  It  is  bulbous-looking, 
but  has  a tendency  for  its  lingual  edge  to  blend  in 
with  the  root,  giving  the  appearance  of  actually 
reaching  the  lingual  margin  of  the  root  (Fig.  3).  It 
is  rarely  penetrated  by  foramina,  except  in  the  lin- 
gual portion  of  the  root.  Foramina  are  usually  absent 
in  the  vicinity  of  the  cusps,  but  very  small  ones 
probably  occur  under  the  reduced  shelflike  overhang 


Fig.  2.  — Measurements  of  50  Xenacanthus ? nebraskensis,  new 
species,  teeth  from  Site  3 of  the  Peru  local  fauna.  See  Fig.  1 and 
text  for  explanation  of  abbreviations,  ranges  = 0.59—1 . 1 2 (1-1)  and 
0.74-1.50  (am-pl);  means  ±1  SD.  =0.90  ±.13  (1-1)  and 
0.97  ± .16  (am-pl);  a linear  regression  analysis  (with  confidence 
limits;  see  Simpson  et  al.,  1960)  gives  a slope  of  0.92  ± .27  and 
a y-intercept  of  +0.14  ± .24. 


of  the  apical  button  near  the  principal  cusps.  The 
foramina  in  the  base  of  the  root  are  as  randomly 
placed  (Fig.  1)  as  in  other  xenacanthodiid  species 
(Johnson,  1979),  except  for  one  consistency.  An 
elongate  (1-1)  foramen  always  occurs  along  the  mid- 
line at  the  lingual  margin,  penetrating  the  root  just 
lingual  of  the  apical  button  (Fig.  3a-e).  In  most  in- 
stances it  splits  the  margin  to  give  the  root  a bifur- 
cated appearance  (Fig.  10a).  The  labial  edge  of  the 
basal  tubercle  is  well  defined.  The  opposite  edge  may 
be  distinct,  or  may  grade  into  the  base  of  the  root. 
The  base  of  the  root  is  flat  or  slightly  concave. 

Compared  with  the  root  size,  the  principal  cusps 
are  rather  short,  giving  the  teeth  a stout  appearance 
(Figs.  3-14).  The  proximal  ends  of  these  cusps  are 
compressed  in  a manner  similar  to  the  other  Xen- 
acanthus species,  with  the  major  transverse  axis 
forming  a sharp  angle  with  the  labial  margin  of  the 


Figs.  3-5.  — Xenacanthus!  nebraskensis,  new  species,  teeth  from  Site  2,  Peru  local  fauna;  scale  bar  represents  I mm.  Fig.  3.  — TMM 
4 1 647-328,  holotype:  a,  occlusal,  b,  lingual-occlusal,  c,  basal,  d,  lingual,  e.  am/pl,  and  f,  labial  views.  Fig.  4.  —TMM  41647-324,  paratype: 
a,  lingual-occlusal,  b,  am/pl,  and  c,  labial  views.  Fig.  5.  — TMM  41647-323,  paratype:  a,  lingual-occlusal,  b,  am/pl,  and  c,  labial  views. 
38  x. 
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Figs.  6-9.— Xenacanthusl  nebraskensis,  new  species,  teeth  from  Site  2,  Peru  local  fauna;  scale  bar  represents  1 mm.  Fig.  6.  — TMM 
41647-327.  paratype;  a,  lingual-occlusal,  and  b,  labial  views.  Fig.  7.  — TMM  41647-326,  paratype;  a,  lingual-occlusal,  and  b,  labial 
views.  Fig.  8.— TMM  41647-325,  paratype:  a,  lingual-occlusal,  and  b,  labial  views.  Fig.  9.— TMM  41647-20,  paratype;  a,  lingual- 
occlusal,  b,  am/pl,  and  c,  labial  views.  38  x. 


root  below  the  intermediate  cusp.  The  cusps  are  of 
equal  size,  or  very  nearly  so.  They  usually  are  slight- 
ly divergent  but  are  occasionally  vertical  and  par- 
allel to  one  another.  They  are  generally  straight,  but 
may  be  slightly  recurved  lingually.  The  stoutness  of 
the  intermediate  cusp,  combined  with  the  fact  that 


it  reaches  two  thirds  or  more  of  the  height  of  the 
principal  cusps  (or  may  even  equal  their  height), 
contribute  to  the  stout  appearance  of  the  teeth. 

The  pattern  of  the  cristae  may  vary  somewhat 
between  the  proximal  regions  of  the  principal  cusps 
and  the  corresponding  root  margin  of  the  same  tooth 
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(Figs.  3-14).  There  are  typically  six  cristae  per  cusp, 
with  additional  shorter  ones  occurring  in  the  prox- 
imal region.  Two  slightly  divergent  pairs  of  cristae 
start  on  the  labial  margin  of  the  tip  accompanied 
by  a single  crista  on  each  of  the  medial  and  am/pl 
margins.  Those  on  the  labial  margin  may  be  straight 
(Fig.  8b),  or  spiral  slightly  toward  the  medial  and 
am/pl  margins  (Figs.  3,  12),  sometimes  recurving 
back  toward  the  labial  margin  as  they  approach  the 
root  (Fig.  6b).  Those  occurring  on  the  medial  and 
am/pl  margins  tend  to  parallel  the  axis  of  the  cusp 
(Fig.  3e).  This  general  pattern  occurs  on  the  inter- 
mediate cusp  as  well  as  on  the  principal  cusps.  One 
of  the  cristae  occurring  nearest  an  imaginary  center 
line  on  the  labial  margin  of  the  principal  cusps,  or 
one  on  each  side  of  this  line,  may  be  bifurcated  in 
the  proximal  region  (Figs.  3f,  6b).  A single,  shorter 
crista  may  occur  in  the  proximal  region  of  the  labial 
margin  (Fig.  6b).  These  additional  cristae  also  oc- 
casionally occur  on  the  intermediate  cusp. 

A pair  of  additional,  rather  fine  cristae  have  been 
observed  on  the  lingual  margins  of  some  of  the  prin- 
cipal cusps.  A similar  pair  may  be  present  on  the 
intermediate  cusp  as  well.  These  cristae  do  not  ex- 
tend the  full  length  of  any  of  the  cusps  (Fig.  7). 

The  pattern  on  the  labial  side  of  the  tooth  is  often 
very  faint  or  nearly  absent.  In  at  least  one  tooth  (Fig. 
8b)  the  pattern  apparently  never  did  occur  in  the 
proximal  region  of  the  labial  side.  In  the  other  ex- 
amples, however,  the  obscuration  has  probably  re- 
sulted from  abrasion  by  transport  after  the  teeth 
were  shed  (Figs.  9,  11). 

Discussion.  — Except  for  the  lingual  foramen,  the 
roots  in  Xenacanthus!  nebraskensis  teeth  are  similar 
to  those  in  the  Early  Permian  X.  luedersensis  (John- 
son, 1979).  The  size  and  shape  of  the  root  of  X.l 
nebraskensis  teeth  are  also  similar  to  those  of  X. 
luedersensis  teeth.  However,  the  relative  root  di- 
mensions of  X.l  nebraskensis  are  quite  the  reverse 
of  other  well  known  Xenacanthus  species.  The  av- 
erage 1-1/am-pl  ratio  of  the  X.l  nebraskensis  teeth  is 
0.92  (n  = 50);  it  is  1.17  for  A.  luedersensis  (n  = 752; 
based  on  weighted  means  for  10  samples;  see  John- 
son, 1979)  and  1.48  for  the  Late  Triassic  X.  moorei 
(n  = 81;  Johnson,  1980). 

The  principal  cusps  of  X.l  nebraskensis  are  re- 
markably symmetrical  in  stature  as  compared  to 
other  xenacanthodiid  teeth  (Johnson,  1979).  The 
proximal  end  of  the  intermediate  cusp  is  rather  stout, 
not  at  all  like  its  long,  slender,  cylindrical  counter- 
part in  X.  moorei  or  even  in  the  medial  teeth  (John- 
son, 1979)  of  the  much  larger  species  of  Orthacan- 


thus.  The  pattern  of  the  cristae  on  all  three  cusps  is 
similar  to  that  on  the  principal  cusps  of  X.  lueders- 
ensis and  X.  moorei,  except  that  the  cristae  do  not 
extend  onto  the  labial  margin  of  the  root  in  these 
species. 

Two  main  characters  distinguish  X.l  nebraskensis 
teeth  from  all  other  Late  Pennsylvanian  and  younger 
xenacanthodiid  teeth  I have  examined  (Johnson, 
1979):  the  proximally  compressed  cristate  inter- 
mediate cusp,  and  the  extension  of  the  cristae  onto 
the  root.  It  is  namely  the  first  feature  that  gives  a 
reason  to  question  the  generic  assignment.  A cristate 
intermediate  cusp  seems  to  be  a distinguishing  fea- 
ture of  Thrinacodus  teeth,  as  I interpret  them.  How- 
ever, the  teeth  of  that  genus  apparently  have  an 
apical  button  that  is  isolated  from  the  cusps  (for 
example,  see  Hussakof  and  Bryant,  1918,  PI.  44, 
figs.  3a  and  3b,  and  the  discussion  above).  If  that  is 
so,  then  the  teeth  described  here  cannot  be  placed 
in  Thrinacodus,  and  may  eventually  have  to  be 
placed  in  a genus  separate  from  it  and  Xenacanthus. 
Additional  Devonian  and  Early  Carboniferous  spec- 
imens must  be  studied  before  a final  definite  generic 
assignment  becomes  possible.  Other  than  these  dif- 
ferences, the  teeth  described  here  are  typical  of  the 
genus  Xenacanthus. 

To  my  knowledge,  only  one  other  species,  Bran- 
sonella  tridentata  Harlton  (1933),  possesses  char- 
acters that  somewhat  parallel  those  of  X.l  nebras- 
kensis. It  is  based  on  a single  specimen  (National 
Museum  of  Natural  History,  NMNH  85529)  from 
the  Lower  Pennsylvanian  of  southeastern  Okla- 
homa, and  was  described  by  Harlton  as  a conodont. 
Zidek  (1972,  1973)  pointed  out,  however,  that  this 
is  a xenacanthodiid  tooth  (Fig.  1 5a-c).  Although  the 
intermediate  and  one  of  the  principal  cusps  are  bro- 
ken, it  is  obvious  that  the  principal  cusps  are  of 
nearly  equal  height  and  the  intermediate  cusp  is  only 
slightly  shorter;  all  the  cusps  are  coarsely  cristate. 
The  cristae  extend  onto  the  labial  margin  of  the  root 
and  have  a distinct  spiral  pattern  (Fig.  15b).  On  the 
broken  principal  cusp  they  curve  toward  the  inter- 
mediate cusp,  but  turn  away  from  the  cusp  on  the 
other  principal  cusp.  There  are  six  cristae  per  cusp. 
The  principal  cusps  are  of  the  same  shape  and  stat- 
ure as  those  of  X.l  nebraskensis,  but  are  not  as  proxi- 
mally compressed.  The  transverse  major  axis  at  the 
proximal  end  is  parallel  to  the  labial  margin  of  the 
root  (Fig.  1 5a).  The  intermediate  cusp  is  compressed 
as  in  X.l  nebraskensis.  The  root  of  B.  tridentata  is 
longer  (am-pl  length  = 1.07  mm)  than  wide  (1-1 
width  = 0.86  mm).  Whether  or  not  the  broad  lingual 
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Figs.  10-14.  —Xenacanthus?  nebraskensis,  new  species,  teeth  from  Site  3,  Peru  local  fauna;  both  upper  (Figs.  10-12)  and  lower  (Figs. 
13,  14)  scale  bars  represent  1 mm;  38  x and  19x,  respectively.  Fig.  10.  — TMM  41648-140,  paratype:  a,  basal,  b,  labial,  and  c,  lingual- 
occlusal  views.  Fig.  1 1.  — TMM  41648-139,  paratype:  a,  lingual-occlusal,  and  b,  labial  views.  Fig.  12.  — TMM  41648-137,  paratype:  a, 
lingual-occlusal,  b,  labial,  and  c,  am/pl  views.  Fig.  13.— TMM  41648-136,  paratype:  a,  lingual-occlusal,  b,  labial,  c and  d,  am/pl  views. 
Fig.  14.— TMM  41648-138,  paratype:  a,  lingual-occlusal,  and  b,  labial  views. 


indentation  is  the  result  of  an  enlarged  foramen  is 
uncertain.  The  apical  button  (Fig.  15a)  is  in  contact 
with  this  indentation,  but  is  not  in  contact  with  the 


intermediate  cusp,  which  may  suggest  this  species 
belongs  to  Thrinacodus.  It  is  essentially  restricted 
to  that  area  of  the  root  lingual  to  the  intermediate 
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Fig.  \5.  — Thrinacodus ? ( Bransonella ) tridentata  tooth,  NMNH  85529  (holotype),  from  the  Lower  Pennsylvanian  of  southeastern  Okla- 
homa: a,  occlusal,  b,  labial,  and  c,  oblique  am/pl  views.  Scale  bar  represents  1 mm.  42  x. 


cusp  and  is  not  in  contact  with  the  principal  cusps. 
The  basal  tubercle  (Fig.  1 5b)  has  a well  defined  labial 
margin.  The  differences  between  this  species  and  X.l 
nebraskensis  are  not  as  great  as  between  X.l  ne- 
braskensis  and  X.  luedersensis  or  X.  moorei.  Differ- 
ences between  X.l  nebraskensis  and  B.  tridentata 
include  the  positions  of  the  apical  button,  attitudes 


Fig.  16 .—Xenacanthusl  nebraskensis ? tooth,  TMM  41647-329, 
from  Site  2,  Peru  local  fauna:  a,  lingual-occlusal,  and  b,  labial 
views.  Scale  bar  represents  1 mm.  38  x. 


of  the  proximal  transverse  axis  of  the  principal  cusps, 
and  possibly  the  lingual  root  margins. 

The  only  other  species  that  may  be  similar  to  X.l 
nebraskensis  is  “ Diplodus ” minutus  Agassiz  1843, 
if  it  should  prove  to  be  a valid  species.  It  was  syn- 
onymized  with  D.  gibbosus  by  Woodward  (1889); 
however,  this  species  probably  belongs  to  Ortha- 
canthus  (see  Johnson,  1979).  “£>.  minutus ” may  in- 
clude teeth  with  more  than  one  intermediate  cusp. 
A single  tooth  from  the  Peru  Site  2 (Ossian,  1974) 
might  conceivably  belong  to  this  species.  This  tooth 
(Fig.  16)  has  three  relatively  short  (but  equal)  in- 
termediate cusps  with  a corresponding  elongate  root. 
Otherwise,  it  is  rather  similar  to  the  X.l  nebraskensis 
teeth  and  is  provisionally  assigned  to  that  species. 
It  may  have  occupied  a unique  position  in  the  tooth 
series  (symphysis?)  and  may  seem  rare  only  because 
the  total  number  of  available  teeth  is  low  compared 
to  the  Waggoner  Ranch  Collection  from  north-cen- 
tral Texas  (Johnson,  1979). 

Since  some  of  the  better  known  vertebrate  local- 
ities in  North  America  and  Europe  occur  in  the 
Upper  Pennsylvanian,  it  is  surprising  that  teeth  of 
the  X.l  nebraskensis  type  have  not  been  reported 
before.  Perhaps  because  of  their  small  size,  as  in  X. 
luedersensis  (Berman,  1970),  they  have  been  over- 
looked. Despite  the  use  of  bulk  sampling  techniques, 
it  is  curious  that  Lund  (1970,  1976)  did  not  recover 
any  similar  teeth  from  units  of  similar  age  in  the 
Dunkard  Basin.  Orthacanthus  compressus  is  an 
equally  common  species  in  the  Peru  local  fauna  and 
it  is  also  common  in  the  Dunkard  Basin.  However, 
the  Permo-Pennsylvanian  species,  O.  platypternus, 
a stream  inhabitant  known  from  the  Dunkard  is 
absent  in  the  Peru  local  fauna. 
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CONCLUSIONS 


Teeth  in  the  homodont  dentition  of  Xenacanthus ? 
nebraskensis  possess  characters  of  both  Xenacan- 
thus and  Thrinacodus.  The  primitive  nature  of  its 
intermediate  cusp  and  its  relatively  late  appearance 
preclude  XX  nebraskensis  or  its  presumed  precursor, 
TP.  ( Bransonella ) tridentata,  from  being  ancestral 
to  contemporary  and  younger  species  of  Xenacan- 
thus. The  Thrinacodus-Xenacanthus  lineage  more 
likely  developed  through  a series  of  other  species 


starting  in  the  Late  Devonian  (Johnson,  1979,  text- 
fig.  48). 

In  view  of  the  distribution  of  other  contemporary 
xenacanthodiid  species,  the  single  occurrence  of  XP 
nebraskensis  suggests  that  it  may  be  a relict  species. 
It  may  have  been  a stream  inhabitant,  as  Ortha- 
canthus  platypternus  was  elsewhere,  which  might 
account  for  its  restricted  occurrence. 
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Note  Added  in  Proof 

The  Thrinacodus  teeth  could  not  be  located  when  this  study 
was  in  progress  (Robert  W.  Purdy,  personal  communication). 
They  have  since  been  discovered,  and  found  not  to  be  similar  to 
Xenacanthus  teeth  (Susan  Turner,  personal  communication).  They 
may  not  be  xenacanthodiid  teeth.  The  D.  incurvus  teeth  are  sim- 
ilar to  the  elasmobranch  insertae  sedis  teeth  illustrated  by  Turner 
(1982:1 18-124;  J.  Vert.  Paleontol.,  2:1 17-131;  1983,  3:38). 
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